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A new primer. 5 ' - ACACGACGAACCGGCAGGTG- 
3', was derived from this sequence and used in 
combination with a X ZAP-specitic primer (Strat- 
agene) to amplify a portion of the ZMM2 (ucsd78b) 
transcript from our ear and tassel cDNA libraries (79). 
A full-length cDNA was subsequently isolated from 
the tassei library by screening at high stringency with 
a probe from the 3' end of the partial clone. RFLP 
analysis on recombinant inbreds confirmed that the 
correct locus had been obtained. 

19. M. Mena, M. A. Mandel, D. R. Lerner, M. F. Yanof- 
sky, R. J. Schmidt, Plant J. 8, 845 (1995). 

20. G. Theissen, T. Strater, A. Fischer, H. Saedler, Gene 
156. 155 (1995). 

21. M. M. Goodman, C. W. Stuber, K. Newton. H. H. 
Weissinger, Genetics 96. 697 (1980). 

22. J. F. Wendel, C. W. Stuber, M. D. Edwards, M. M. 
Goodman. Theor. Appl. Genet. 72, 178 (1986). 

23. T. Helentjaris, D. Weber. S. Wright, Genetics 118, 
6442(1989). 

24. J. L. Riechmann, B. A. Krizek, E. M. Meyerowitz, 
Proc. Natl. Acad. Set. USA. 93, 4793 (1996). 

25. Abbreviations for the amino acid residues are as 
follows: A, Ala; C, Cys; D, Asp; E. Gfu; F, Phe; G, Gly; 
H, His; I, lie; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, 
Gin; R, Arg; S. Ser; T, Thr; V. Val; W, Trp; and Y. Tyr. 
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of which are the neurotrophic (i). Inver- 
tebrate neuronal systems have provided use- 
ful models for development and regenera- 
tion of the nervous system; however, efforts 
to clone neurotrophin or neurotrophin re- 
ceptor-like sequences in invertebrates have 
so far been unsuccessful (2). Indeed, it has 
been argued that neurotrophic factors may 
be a comparatively late addition to the 
arsenal of mechanisms controlling nervous 
system development and regeneration, and 
that such factors may be required only in 
long-lived organisms with complex nervous 
systems (2). To examine the existence of 
neurotropic in-related molecules in an inver- 
tebrate, we focused on the snail Lymnaea 
stagnalis, which is used as a model in cellular 
and molecular neuroscience (3, 4). Lym- 
naca hemolymph or central nervous system 
(CNS)-conditioned medium (CM) evoke 
neurite outgrowth from snail motor neu- 



rons. This activity can be mimicked by 
murine nerve growth factor (NGF), which 
furthermore has acute effects on calcium 
currents in Lymnaea neurons (4). 

Initial attempts to clone a Lymnaea neu- 
rotrophin homolog by polymerase chain re- 
action (PCR) on the basis of conserved 
regions of vertebrate neurotrophins (5) 
were not successful. Therefore, we adopted 
a functional approach to target neurotro- 
phin family members. All neurotrophins in- 
teract with two receptor types — Hgand-spe- 
cific receptor tyrosine kinases of the Trk 
family (6) and a shared receptor termed 
p75 (7). Starting from the premise that a 
putative molluscan neurotrophin homolog 
might also bind to the p75 receptor, we 
assayed Lymnaea CM and hemolymph for 
inhibition of binding of 125 I-labeIed NGF 
to A875 human melanoma cells, which 
express high levels of p75 but no Trl, 
receptors. Hemolymph and CM-deriv. 
fractions inhibited NGF binding to p75 : 
a dose-dependent manner (Fig. 1A). Fur- 
ther fractionation revealed that NGF-dis- 
placing fractions from both CM and he- 
molymph had identical chromatographic 
elution properties and contained an al- 
most identical protein mass of 13.1 kD. 

The higher amounts of the 13.1-kD pro- 
tein in hemolymph enabled its purification 
to homogeneity from a pool of 7 liters 
snail hemolymph, using matrix-assisted .. 
ser desorption ionization mass spectromeu\ 
(MALDI-MS) to monitor the purification 

(8) . The final purified fraction (Fig. IB) 
contained a major component of 13.1 kD 
and a minor component of 13.97 kD, as 
analyzed by MALDI-MS (Fig. 1C). Internal 
and NH 2 -terminal peptide sequences of 
both proteins were identical and novel. 
These sequences served to design priir •> 
for PCR and eventual isolation of a cT 
clone (9), which encoded an open rea*.; ::••.!: 
frame of 121 amino acids, including ;in 
18-residue putative signal sequence fol- 
lowed by a mature product of 103 amino 
acids containing all the peptide sequences 
previously obtained (Fig. IE). The sequence 
was not significantly similar to any known 
protein or DNA sequence in the public 
databases. The protein molecular mas? r in- 
dicted from the cDN A sequence is 1 2. * 
which is close to the measured masses ^ c 
purified CRNF isoforms and suggests ihm 
the latter may arise from different extents oi 
glycosylation on the single consensus N- 
glycosylation site (Fig. IE). The sequence 
contained a high number of cysteine resi- 
dues, comprising over 10% of the protein, 
hence the name CRNF (cysteine-rich neu- 
rotrophic factor). 

An anti-peptide antiserum was ■■ ^ 

(9) against a synthetic peptide based . ilC 
COOH-terminal region ot the CRN' 



CRNF, a Molluscan Neurotrophic Factor That 
Interacts with the p75 Neurotrophin Receptor 

M. Fainzilber,* A. B. Smit, N. I. Syed, W. C. Wildering, 
P. M. Hermann, R. C. van der Schors, C. Jimenez, K. W. Li, 
J. van Minnen, A. G. M. Bulloch, C. F. Ibanez, 
W. P. M. Geraerts 

A 1 3.1 -kitodalton protein, cysteine-rich neurotrophic factor (CRNF), was purified from the 
mollusk Lymnaea stagnalis by use of a binding assay on the p75 neurotrophin receptor. 
CRNF bound to p75 with nanomolar affinity but was not similar in sequence to neuro- 
trophins or any other known gene product. CRNF messenger RNA expression was 
highest in adult foot subepithelial cells; in the central nervous system, expression was 
regulated by lesion. The factor evoked neurite outgrowth and modulated calcium cur- 
rents in pedal motor neurons. Thus, CRNF may be involved in target-derived trophic 
support for motor neurons and could represent the prototype of another family of p75 
ligands. 
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quence. Immunoreactive bands with appar- 
ent electrophoretic mobilities of 14 to 16 
kD were observed upon protein immuno- 
blotting of Lymnaea foot tissue homoge- 
nates (Fig. ID). This antiserum was subse- 
quently used to monitor production of re- 
combinant CRNF in baculovirus-infected 
insect cells (9). Recombinant CRNF was 
readily produced in baculovirus-infected in- 
sect cells, but was not secreted, and could 
be identified in cell lysates as two major 
immunoreactive bands with apparent mo- 
lecular masses of 18 and 24 kD (Fig. ID). 
No CRNF immunoreactivtty could be 
found in mock-infected cells. The larger 
apparent mass of the protein produced in 
baculovirus could be due to incomplete pro- 
cessing of the signal peptide in the insect 
cells or to a higher extent of glycosylation. 

Both native and recombinant CRNF in- 
hibited binding of l25 l-NGF to p75 in a 
dose-dependent manner with measured me- 
dian inhibitory concentrations (IC 50 's) of 
approximately 15 nM for the native protein 
and 45 nM for recombinant CRNF (Fig. 
2 A). CRNF displacement of NGF from p75 
could be mediated by a number of different 
mechanisms, including competitive binding 
of CRNF to p75 or a direct interaction 
between CRNF and NGF. We used surface 
plasmon resonance (10) to determine di- 
rectly whether CRNF can interact with 



NGF or with a soluble p75 extracellular 
domain (Sp75) (11). NGF or CRNF were 
immobilized separately on BIAcore sensor 
chips, and these chips were subsequently 
used to monitor binding of the other ligand 
or of Sp75. No interaction between NGF 
and CRNF was observed. In contrast, Sp75 
bound comparably to both immobilized 
NGF or CRNF, whereas no binding was 
observed on control chips (Fig. 2B). Titra- 
tion of Sp75 binding to CRNF (Fig. 2C) 
enabled calculation of k off and k^ from the 
dissociation and association phases of the 
curves, respectively. The apparent equilib- 
rium dissociation constant (K d ) subsequent- 
ly calculated from these kinetic measure- 
ments was 50.9 ±9.7 nM, which is in the 
same range as the IC 50 for competitive dis- 
placement of NGF from A875 cells. 

In order to gain insight into possible 
physiological roles of CRNF, we examined 
its mRNA expression in various tissues of 
the adult snail by ribonuclease protection 
assays (RPAs). High CRNF mRNA expres- 
sion was almost exclusively restricted to the 
foot, with low levels in mantle tissue (Fig. 
3A). In addition, CRNF expression could 
be induced by mechanical lesion of CNS 
explants in vitro (Fig. 3B), suggesting a role 
for CRNF in injury repair. In situ hybrid- 
ization was performed to localize CRNF 
expression sites in the peripheral tissues 



comprising the foot. Intense labeling was 
observed in a distinct layer of large globular 
subepithelial cells (Fig. 3C). This region of 
the foot has extensive arborization from the 
pedal nerves on the way to their target cells 
(12). 

The highly restricted pattern of expres- 
sion of CRNF mRNA in adult foot might 
indicate trophic roles for this molecule on 
peripheral and pedal neurons innervating 
the foot. Adult Lymnaea neurons are not 
dependent on exogenous trophic factors for 
survival in vitro, and furthermore, develop- 
mental programmed cell death has not been 
observed in molluscan CNS (13). However, 
trophic activity in molluscan neurons can 
readily be monitored as neurite outgrowth 
in isolated neuronal cultures (3, 4). CRNF 
activities were examined, using Lymnaea 
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Fig. 1. Identification and pu- 
rification of CRNF. (A) Lym- 
naea hemolymph (HL, gray 
bars) and CM-derived frac- 
tions (black bars) inhibit bind- 
ing of 125 l-NGF to p75 recep- 
tors on A875 melanoma celts 
in a dose-dependent man- 
ner. Striped bar indicates 
control. (B) Final reverse- 
phase high-performance liq- 
uid chromatography step in 
the purification of CRNF, Vy- 
dac C4, with a flow of 1 ml/ 
min. Gradient of acetonitrile 
in aqueous 0.1% TFA is 
shown by dashed line: CRNF 
fraction is indicated by shad- 
ing under the peak. (C) 
MALDI-MS on the purified 
peak reveals two protein 
masses of 13.10 and 13.97 
kD. (D) SDS-polyacrylamide 
gel electrophoresis of puri- 
fied CRNF under reducing 
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conditions reveals two bands upon Coomassie staining after blotting (lane 1). An antiserum to CRNF 
DeDWe?deXd a 14- to 16-kD band on protein immunoblots of extracts of Lymnaea foot tissues 
5*2? insect cells infected with a CRNF-recombinant baculovirus revealed immunoreactive oands 
< „ t =^rlron. maqs in insect cell lysates (lane 4), but not in conditioned medium (lane 3). 
K £ marleT^ e Zi!*e6%) /mino acid sequence of CRNF, as predicted from the cDNA 
c oi The putaTive signal sequence is in italics, cysteine residues are in bold, one consensus site for 
N^nked q^cosylation is indicated by an asterisk, and the stop codon ,s indicated by a dot. 
Sel^ce^SSonding to the peptides previously obtained by Edman degradation are under- 
lined. Single-letter amino acid abbreviations are as in (78). 
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Fig. 2. Binding of CRNF to the p75 neurotrophin 
receptor, (A) Inhibition of 125 I-NGF binding to 
A875 cells (79) by native (solid squares) and re- 
combinant CRNF (empty squares). (B) Surface 
plasmon resonance measurement of the interac- 
tion of 0.5 soluble p75 extracellular domain 
(Sp75) with control chips, and chips on which 
NGF or CRNF was immobilized (20). Arrows indi- 
cate start and ending of Sp75 application. Note 
the association and dissociation curves observed 
on NGF or CRNF chips, in contrast to the unspe- 
cific mass effect seen on the control chip. RU, 
resonance units. (C) Titration of Sp75 interaction 
with immobilized CRNF. Concentrations of Sp75 
in nM are indicated for each trace. 
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pedal A motor neurons (PedA), which are a 
potential target population for this factor. 
Purified CRNF evoked neurite outgrowth 
from PedA neurons in vitro (Fig. 4, A 
through C), with responses including neu- 
rons that displayed multiple short neurites 
tipped with small growth cones (Fig. 4B) t 
whereas other neurons formed large growth 
cones that approached the cell hody in 
diameter (Fig. 4C). This response peaked 
within 24 hours and was dose dependent, 
with a maximal effective concentration of 



25 pM (Fig. 4D). The lower response seen 
at higher doses of CRNF is reminiscent of 
the bell-shaped dose-response relationships 
previously reported for several vertebrate 
trophic factors in outgrowth assays [for ex- 
ample, (14)]. 

Murine NGF enhances high-voltage ac- 
tivated (HVA) calcium currents in Lym- 
naea Parietal A motor neurons (ParA), 
within seconds of application (4). There- 
fore, we examined the effects of CRNF on 
HVA calcium currents in ParA neurons. 




380 



Fig. 3. Expression of CRNF 
rr^NA in adutt Lymnaea tis- 
sues. (A) RPA on 5 u.g total 
RUA from different adult tis- 
sues 'revealed high expres- 
sion of CRNF mRNA in the 
fco* and lower levels in man- 
tle tissue (overnight expo- 
sure) (27). Position of a 380- 
nucleotide band is indicat- 
ed. (B) RPA analysis of 
C3NF mRNA in control CNS 
compared to CNS after 36 
hOL.rs in culture and cultured 
C v!S after crush lesion to the 
interganglionic connectives 
and commisures. We used 
2C \lq total RNA from each 
sernple, and exposure time 
was 7 days. (C) Localization 
o* CRNF mRNA expression 
ir adult foot by in situ hybridization. Intense signal was observed in a layer of large subepithelial cells. 
No signal was detected using a control probe. (E, epithelial layer; Ct, connective tissue layer; scale 
be.*. 50 |xm.) 



Fiu. 4. Effects of CRNF 
cr- Lymnaea motor neu- 
rc:s' (A through D) 
C-'-NF evokes neurite 
o ." growth from cultured 
F dA motor neurons. 
(/ Control cultures 
showed no neurite ex- 
tension. (B and C) Neu- 
rc-' s developed pro- 
cesses and growth 
cr ^es 24 hours after 
tr- atment with CRNF. 
(r Dose-response rela- 
te i of the number of 
ce.is exhibiting neurite 
outgrowth in response 
tc CRNF (n = 6 tor each 
or\a point). (E and F) 
Modulation of HVA cai- 
ci.-m currents in Right 
Fv-ieial A motor neu- 
r, .'s by CRNF. (E) Calci 
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Superfusion of ParA neurons in vitro with 1 
nM CRNF modulated the HVA calcium 
currents in 50% of the cells tested (n = 8). 
In ParA cells expressing both fast- and 
slow-inactivating calcium currents, CRNF 
enhanced the peak calcium current (Fig. 
4E). The current-to-voltage relation (Fig. 
4F) illustrates that the effect of CRNF was 
primarily on the fast-inactivating current, 
whereas the slow-inactivating current re- 
mained largely unaffected. In contrast to 
previous observations with murine NGF, 
the effects of CRNF on the HVA calcium 
currents did not reverse within a few min- 
utes of washing. Thus, CRNF differentially 
modulated the various components of HVA 
calcium currents expressed in Lymnaea mo- 
tor neurons, and may play a role in plastic- 
ity-related processes in Lymnaea CNS. 

We propose that CRNF is an inverte- 
brate neurotrophic factor (15) because it is 
expressed in a restricted pattern and, at low 
levels, it has trophic and plasticity-related 
activities at low concentrations on poten 
tial target neurons and was identified on th 
basis of its interaction with the p75 neuro 
trophin receptor. CRNF shares no obvious 
sequence similarity with mammalian neuro- 
trophins, suggesting that properties in com- 
mon between these two families may have 
arisen from convergent evolution. Alterna- 
tively, as our data do not rule out the pos- 
sibility that neurotrophins exist in Lymnaea, 
CRNF may represent the prototype o* 
novel family of p75 ligands. A number 
gene families important in axon guidance 
and wiring of the nervous system were first 
identified in invertebrates (16); therefore, 
the phyletic distribution of CRNF is of 
primary interest. 
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ur current recorded under whole-cell ciamp techniques at a test potential of 0 mV (holding potential 
o 4 -80 mV ) before application of CRNF tcontrol) and 1 0 min after the start of an application of 1 nM 
CkNF The early peak current was markedly increased in the presence of CRNF. (F) Current-to- 
vc ;-age relations of peak (squares) and late (circles) currents show that the effect of CRNF appears 
rR^ricted to the peak current. Open symbols are peak and late current values prior to CRNF 
a; Plication and filled symbols are values 1 0 min after the start of CRNF application. Methods were as 
d; scribed (4). 
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processed as follows: (U Ultracentrifugation 



^ji vi-cjoty a«j v.' — 3,— - 

hours at 1 20.000g to precipitate hemocyanin. (u) 
pernatant was applied to Polybufler 94 (Pharmacia' 
equiliorated and washed with 20 mM tris (P H J-J£ 
Bound proteins were eluted by 1 M NaCI- , 
salted and concentrated with Poros 20 R1.<- * ,t 



1542 



SCIENCE • VOL. 274 • 29 NOVEMBER 1 990 



tractions were applied to linked Beckman SW2000- 
SW3000 molecular exclusion columns, equilibrated, 
and eluted with 0.5x phosphate-buttered saline/ 
15% acetonitrile. (iv) Fractions eluling at apparent 
masses of 20 to 30 kD were loaded onto fast-flow 
reverse-phase Poros 20 R1 equilibrated at 4 ml/min 
in 15% acetonitrile/0.1% trifluoroacetic acid (TFA^ 
After a 2-min wash, the bound proteins were eluted 
with a linear gradient from 1 5 to 60% acetonrtnle in 2 
to 24 min (v) Fractions eluting from Poros R1 at 32 to 
36% acetonitrile were refract ionated on wide-pore 
Vydac C4 (250 mm by 4.6 mm. 5 jim particle stze) at 
1 ml/min. in a gradient of acetonitrile m 0.1% T FA 
(Fig 1B) Amino acid sequence analysis was per- 
formed on blotted Coomassie stained bands, or re- 
verse phase purified peptides from Endo-LysC di- 
gest by automated Edman degradation on an Ap- 
plied Biosystems 473A system. Methods for 
MALDI-MS were as described ( 1 7). 
9 Degenerate oligonucleotide primers encoding all 
' possible codons for TSDPKGWF (78) (sense. NH 2 - 
terminal) and PYTVPNPY (78) (antisense. internal 
peptide sequence) were used for PCR on Lymnaea 
CNS cDNA A 230-base pair (bp) product was 
cloned, sequenced, and used to screen a CNS 
cDNA library, resulting in isolation of a 472-bp cDNA 
clone. The nucleotide sequence of CRNF has been 
deposited in Genbank (accession number U7299U). 
Mouse polyclonal antisera were raised against 
RSNLK YPKQI LM (18) (residues 109 through 120 01 
the amino acid sequence). An expression construct 
was made by PCR amplification of the CRNF coding 
region which was subctoned into pBAC (Clontech). 
Recombinant baculovirus were generated from the 
pBAC construct, using Clontech reagents according 



to manufacturer's instructions. Recombinant protein 
was produced in baculovirus- infected insect cells 
(79) and purified according to (8). 

10. R. J. Fisher and M. Fivash, Curr. Opin. Biotechnol. 5. 
' 389(1994). 

11. G. Weskamp and L. F. Reichardt. Neuron 6, 649 
(1991). 

12 N I Syed and W. Wtnlow. Comp. Biochem. Physiol. 
' A Comp. Physiol. 93. 633 (1989); A. R. Jackson T 
H. Macrae. R. P. Croll, Cell Tissue Res. 281. 507 
(1995*. 

13. R. Marois and T. J. Carew. J. NeurobioL 21. 1053 
(1990). 

14 M Trupp et a/., J. Cell. Biol. 130. 137 (1995). 

15 S Korsching, J. Neurosci. 13, 2739 (1993). 

16 C S Goodman, Cell 78. 353 (1994); Annu. Rev. 
Neurosci. 19. 341 (1996). 

17 C. R. Jimenez et a/., J. Neurochem. 62. 404 (1994). 

18 Single-letter abbreviations for the amino acid rest- 
dues are as follows: A. Ala; C. Cys; D, Asp; E. Glu; F. 
Phe- G Gly; H, His; I. lie: K, Lys; L. Leu; M. Met; N. 
Asn! P. Pro; Q. Gin; R. Arg; S, Sen T. Thr; V, Val; W, 
Trp; and Y, Tyr. 

19 M Ryden ef a/.. EMBO J. 14. 1979 (1995). 

20 Immobilization of NGF or CRNF to BIAcore CM5 
sensor chips was done by amine coupling in 20 
mM acetate buffer (pH 5.6 or 3.6). Binding of Sp75 
to immobilized ligand was monitored in a BIAcore 
2000 Biosensor (Pharmacia) at 20°C. with a flow of 
5 ml/min, in Hepes-buffered saline. Kinetic analy- 
ses were done with BIAevaluation software, ver- 
sion 2.0 (Pharmacia). 

21 Riboprobes for RPA and in situ hybridization were 
' generated from linearized 380-bp subclones of 

CRNF cDNA in pCDNA3 (Stratagene). RPA was per- 
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tormed with equal amounts of total RNA. using RPAII 
reagents (Ambion). Equal loading was verified on 
ethidium bromide-stained gels and by parallel RPA 
with riboprobes for ubiquitously expressed Lymnaea 
mRNAs (fructose 1 ,6- Diphosphate aldolase (Gen- 
bank accession number U731 1 4) for the experiment 
of Fig. 3A and a CNS tyrosine kinase (A. G. M. Bul- 
loch, unpublished data) for Fig. 3B]. 
22. Dedicated to the memory of Professor Hakan Per- 
sson (1952-1993), who was one of the most en- 
thusiastic initiators of this project. We thank G. 
Hauser. R. van Elk, A.-S. Nilsson, E. van Kesteren, 
C. Popelier, and A. Ahlsen for technical support; L. 
Johanson and T. Laan for secretariat help; A. Vla- 
mis and A. Holmgren for their generous assistance 
with the BIAcore; K. Dreisewerd and F. Hillenkamp 
tor sharing expertise in MALDI-MS; and all mem- 
bers of the Molecular Neurobiology group at Vnje 
Universiteit Amsterdam for cheerful assistance in 
snail milking. Sp75 baculovirus and antisera were 
the generous gift of G. Weskamp and L. Reichardt. 
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T Cell Telomere Length in HIV-1 Infection: No 
Evidence for Increased CD4 + T Cell Turnover 

Katja C. Wolthers, G. Bea A. Wisman, Sigrid A. Otto 
Ana Maria de Roda Husman, Niels Schaft, Frank de WoK, 
Jaap Goudsmit. Roel A. Coutinho. Ate G. J. van der Zee, 
Linde Meyaard, Frank Miedema 

Progression to acquired immunodeficiency syndrome (AIDS) **„ 

SSST^-T SLcL^hE! ,n,.c*,n cause, b, ,n„ rt e re n« „«h c* 

renewal. 



In the course of HIV- 1 infection, C 04 T 
celW arc progressively lost, CDS' T cell num- 
ber* ^dually increase, and immune function 
i, progressively disturbed (I). Chronic im- 
nn.ne aaivauon is reflected hy an activated 
phenotvpe of CDS' T cells in blood and 
lymph nodes (2), hi}* concentrations ot cir- 
culating HlV-spocitic cytotoxic T lympho- 
cyte (CTL) effectors that are highly activat- 
ed and activation-induced pro-rainined 
cell death thai attect> both GIF and 
T cclU CP-T T cell numbers decline at 
.!n accelerated rate about 1.5 to 2 vear> be- 



fore the onset of AIDS (5). It has been 
proposed that HIV-inJuced rapid CD4 T 
cell turnover eventually leads to exhaustion 
of the regenerative capacity of the immune 
svstem (6, 7). 

To study T cell turnover, we analyzed 
telomeric TRF len-th. Telomeres are the 
extreme ends of chromosomes that consist 
of TTAGGG repeats, -10 kb Ion- in hu- 
rans (8). After each round ot cell division 
Homeric sequence is lost (9-/2) because of 
he inability of DNA polymerases to fully 
replicate 
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(IS). Cross-sectional studies have revealed 
a loss of 30 to 50 base pairs (bp) per year for 
human leucocytes in vivo (9, JO, 14), and 
telomere length has been used as a marker 
for replicative history and the proliferative 
potential of cells (9-1 J , 15, 16). To over- 
come the considerable variation in lympho- 
cyte telomere length between donors ot the 
same aye (17), we analyzed TRF length on 
sequential peripheral blood mononuclear 
cell (PBMC) samples. For these analyses, 
the subtelomeric probe pTH2A (18) was 
chosen because it does not result in dispro- 
portion-ally high signals for longer telomeric 

K C Wolthers. S. A. Otto. A.-M. de Roda Husman. N. 
Schaft, L. Meyaard. Department ot Clinical Viro- Immunol - 
og\ Central Laboratory ot the Netherlands Red Cross 
Blood Transfusion Service and Laboratory for Experi- 
mental and Clinical Immunology of the University of Am- 
sterdam, Amsterdam. Netherlands. 
G. 6. A. Wisman and A. G. J. van der Zee. Department 
of Gynaecology and Obstetrics, Academic Hospital 
Gromngen. University of Groningen. Groningen. Netn- 

T'de Wolf and J. Goudsmit. Department of Human Ret- 
rov.rology. Academic Medical Centre. Universrty ol Am- 
steraam. Amsterdam, Netherlands. 
Ft A Coutinho. Department of Public Health. Mun.c.pal 
Health Service. Amsterdam, Netherlands. 
F Miedema, Department of Clinical Viro- Immunology^ 
Central Laboratory of the Netherlands Red Cross Blood 
Transfusion Service and Laboratory for Experimental and 
Clinical Immunology of the Un.versity of Amsterdam. Am- 
sterdam Netherlands, and Department of Human Retro- 
virology. Academic Medical Centre. University of Amster- 
dam. Amste rdam, Netherlands. 

■To whom correspondence should be addressed at 
Central Laboratory of the Netherlands Red Cross Blood 
Transfusion Service. Department ot Clinical Viro- Immu- 
nology. Plesmanlaan 125. 1066 CX Amsterdam. Nether* 
lanos. E-mail: clbkvi@xs4all.ni 



1543 



Vol 171 No 1 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

August 31, 1990 Pa 9 eS 116 * 122 



PRODUCTION , PURIFICATION AND CHARACTERIZATION OF BIOLOGICALLY ACTIVE 
RECOMBINANT HUMAN NERVE GROWTH FACTOR 
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Asae Shintani, Reiko Sasada, Shizue Nakagawa, Ken j i Kawahara, 
Kazuo Nakahama, and Atsushi Kakinuma 
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SUMMARY. The human NGF gene was isolated and inserted downstream from 
murine leukemia virus LTR in a plasmid having dihydrof olate reductase cDNA. 
The expression plasmid was introduced into CHO cells. Selection of the 
transformants for the resistance to methotrexate gave a CHO cell line which 
produced human NGF at a level of Amg/L in the culture medium. The 
recombinant human NGF was purified to near homogeneity from the culture 
supernatant. The NH^- terminal amino acid sequence, the COOH- terminal amino 
acid (Ala), and the amino acid composition of the human NGF were identical 
to those deduced from the nucleotide sequence of the human NGF gene. The 
recombinant human NGF was composed of 120 amino acid residues. Three 
disulfide likages were determined to be Cysl5-Cys80, Cys58-Cysl08 , and 
C y S 68-c ys 110. the locations were identical to those in the mouse 2.5S NGF 
molecule. The specific biological activity of the recombinant human NGF was 
comparable with that of authentic mouse 2.5S NGF as determined by 
stimulation of neurite outgrowth from PC 12 cells. ©1990 Academic press, mc. 



Nerve growth factor (NGF) is a protein essential for the development and 
maintenance of sympathetic and sensory neurons in the peripheral nervous 
system(l,2). Recent studies have shown that it may also be important for 
the development and maintenance of cholinergic neurons of the basal 
forebrain( 3,4,5). NGF has been isolated from mouse submaxillary gland as 
B-subunit ( 3 -NGF ) which is composed of two identical polypeptides of 118 
amino acid recidues.The amino acid sequence of 3 -NGF has been determined( 6 , 7 ) . 

Little is known about human NGF (hNGF) presumably because of its low 
content in human tissues. The hNGF gene was cloned by Ullrich et al.(8). 
The amino acid sequence of hNGF deduced from the nucleotide sequence 
exhibits 90Z similarity with that of mouse p-NGF(8). Although several 
papers have appeared so far describing the expression of the hNGF gene 
by E. coli , S. cerevisiae and COS cells( 9, 10 , 1 1 ) , the productivity of these 
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organisms and the specific biological activity of the products were 
extremely low. Therefore, the physicochemical properties of these 
recombinant hNGF proteins have remained unclear. No papers have described 
the production of biologically active hNGF in an amount enough to 
investigate its protein -chemical or biological nature in detail. 

In this paper, we describe the production of recombinant hNGF by Chinese 
hamster ovary (CHO) cells and its purification and characterization. 

MATERIALS AND METHODS 

Materials: Mouse 2.5S NGF was purchased from Wako Pure Chemical Industries, 
Ltd.. CHO cells were obtained through Dr. P. Berg. PC12 cells were purchased 
from the American Type Culture Collection. 

Construction of expression plasmid : The hNGF gene was isolated from the 
Lambda EMBL3 human leukocyte genomic library(Clontech) using a 0.38kb 
synthetic DNA encoding hNGF(8) as a probe. A positive clone having a 15kb 
insert was obtained. The nucleotide sequence of an open reading frame found 
in the insert was identical to that of the open reading frame encoding the 
prepro-NGF (from Met"121 to Alal20) reported by Ullrich et al^(8). A 0.8kb 
Bcll-Apal fragment encoding the COOH-terminal half of the pre-peptide, pro- 
peptide and mature NGF was isolated from the insert and ligated with a 
synthetic; DNA encoding the NH 9 -terminal half of the pre-peptide. The 
resulting fragment containing^the intact hNGF gene was inserted downstream 
from the murine leukemia virus(MuLV) LTR in the plasmid pTB399( 12) , from 
which the interleukin-2 cDNA had been removed, to give plasmid pTB105A. A 
2kb Clal fragment containing the MuLV LTR and hNGF gene was isolated from 
pTBlOSA and inserted into the Clal site in the plasmid pTB348(12) having 
the dihydrofolate reductase(DHFR) cDNA to give an expression plasmid 

pTB1058 (Fig.l). . , .. f . . 

Culture conditions : Transformed CHO cells were grown in Dulbecco s modified 
Eagle's medium(DMEM) containing 5% fetal calf serum, 35yg/ml proline, 50IU/ml 
penicillin, and 50ug/ml streptomycin at 37°C in 5Z CO.. 

Purification of recombinant hNGF : (p-Amidinophenyl)methanesulf onyl fluoride 
hydrochloride was added to the culture supernatant at a final concentration 
of O.lmM. The culture supernatant was adjusted to pH6.0 with 0.2N acetic 
acid and centrifuged. The supernatant was applied to a S-Sepharose column 
(2.5X15cm) equilibrated with 0.1M phosphate buf fer(pH6.0)-lmM EDTA. The 
column was washed with 0.1M phosphate buf f er(pH6. 0)- ImM EDTA-* 0 * glycerol- 
0.15M NaCl, and then the recombinant hNGF was eluted with 20mM Tris-HCl 
( P H7.4)-lmM EDTA-10Z glycerol-0 . 7M NaCl. Fractions containing hNGF were 



hNGF 




Fig.l. Structure of the expression plasmid for hNGF gene. Arrows indi 
the direction of transcription. 
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equilibrated with 20mM H CHpH7^; Frac tions containing 

the active entity was eluted with tne s 10 (AjniC on). The 

££f were combined and c ° ncen "^^ e !l n Le high performance liquid 

white powder. performed as described by Heinr J ch .^ 

rn , ^,,nn aS sav(EIA) EIA was pert ^ ^ as s t andard . 

Meyer(l3) .The P^^^f^g^r determined by amino acid analysxs. 
The weight of the stand * rd , ™f c " n * en fwas determined by BCA protein assay 

the directions of the supplier. trrr «~i --«■"» acid - amin ° a ° id 

m m1 -.i -inn a cid ^nnence, COM"^ " , l^-H w.th a *a s 

^gtiin: The NH 2 - terminal o ^.^ iosystelns ) . The COOH-terminal 

Hitachi 835 amino acid analyzer. <H* es tion of purified hNGF vith 

^Mti gL "V 1 : , ^£ri l S'S L£^ aTp-HPLC column TSK-gel ODS- 
^epsin, the reaction mixture £ 20mM dit hiothreitol, and the 

120T (Tosoh)in the presence or absence . °* * trile concentration in the 
g£Lt. were eluted »*^ a *£^?£^ M *ini* disulfide 

ess irsss* strS -^-^resr.rinr-u:^^- 

werflurther -"^-Sr^ 4 ^!; sequence! and amino acid 

framents were isolated by HPLC. ine am determined, 
compositions of ^.^E^S^i^^*- using PC12 cells as 
Sg^flSl^i^ae) with some modifications. 

RESULTS AND DISCUSSIOK 

S*^*^^ by the calcium-phosphate 

CHO DHTR- cells were transformed with pTB1058 by th ^ 

coprecipitation method(17). DHFR clones foun to P - 
stepwise subcultured in the media containing 10nM. lOOnM uM 
methotrexate. A cell line. CHO-D31-10. " * ^ 7tT a of growth. 
hNGF at a level of Amg/L in the culture medium on the day 
p^acarion of recombinant hNGF 4 ce lls/cm 2 and 

„ n„. THO-D31-10 was seeded at a density of Z.iXlu 

" " I II The recombinant hNGF was purified from the culture 
grown on ' ^ in AND METHODS . A summary of the 

sup ernatant-( 2 .2L) o as escr ^ ^ ^ _ 

purification is shown m Table obtained 

. . „ d h hv FIA The value nearly accorded with tnat o 
,.6-g as determined by EIA. The ide gcl electrophoresis 

from protein determination (1.3mg). SDS polyacryiam 
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Table 1. Summary of the purification of recombinant hNGF 

step Volume Total protein 1 } Total hNGF 2) Yield 
P (ml) (mg) («g> 

Culture supernatant 2,200 11,000 5.3 100 
S-Sepharose eluate l • g9 
Sephacryl S-100 eluate 2.5 J./ 3Q 
RP-HPL C eluate _ i,J - 

1) Determined by BCA protein assay. 

2) Determined by EIA. 



(Fig.2) and RP-HPLC showed that the purity of the recombinant hNGF was more 
than 95Z. 

Properties recombinant hNGF 

The molecular weight of the recombinant hNGF was estimated to be 13 000 

by SDS-polyacrylamide g el electrophoresis under reducing «-*^ The 

hNGF migrated a little more slowly than did authentic mouse .5SNG 
The isoelectric point of the recombinant hNGF was between and 10. 

mobility was nearly the same as that of the authentic 

The NH, -terminal amino acid sequence of the recombinant hNGF (NH^ Ser 

Ser-Ser-His-Pro-Ile-Phe-His-Arg-Gly-) was identical to that deduced from 
the nucleotide sequence of the hNGF gene<8). The COOH-terminal am.no acxd 
was determined to be Ma by hydrolysis, indicating that ^ e re comb nant 
hNGF has an additional two amino acid residues (Arg -Ala ) at the COOH 
terminus of the protein (118 amino acid residues) which Ullrich * ^ 
proposed as mature hNGF based on the homology with mouse * -NGF (8). The 
Lino acid composition of the purified hNGF was in fair agreemen wit that 
calculated from the deduced amino acid sequence consisting of 120 amino 
acid residues (Table 2). 



1 2 

kDa 
69.0- 
45.0- 
30.0- 

215- 

14.4- — -mm, 
62- 



^ ^ r ^^ff^ SSftS ^"proteins 
l^llTJll ~ "^^sizes UHa) of the standard proteins 
are shown on the left. 
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Table 2. Amino acid composition 
of hNGF 



Residues per molecule 
Found Calculated 



Asx 
Thr 
Ser 
Glx 
Pro 
Gly 
Ala 
Cys 
Val 
Met 

He 

Leu 

Tyr 

Phe 

Lys 

His 

Arg 

Trp 

Total 



13.0 13 

9.7 10 

9.2 11 
6.6 6 
2.9 3 

7.3 7 
6.9 7 



ND 



6 



12.8 13 

2.1 2 

6.1 & 

3.2 3 

2.3 2 
7.3 7 
9.1 9 
3.9 * 
7.3 8 
3.0 3 

120 



ND. Not determined. 



a c^n^le oeotide containing all the three 

«• 4ni„« a disulfide linkage. The arcino acid sequence of ■» 
C d t lined Three disulfide li^es were found to be located at Cys - 
aete^ned^ Jh ^68.^110 (Table 3) . ^ pre sence of two 

"teln esidL in each fra^nt was confi~d oy a*ino acid analyse 

:; loyi „ B the ^ ;r;;:;: - the 

locations of the three disulsxde likages wer 

Table 3. Amin o acid sequence of cystine-cont a inin 8 peptides 
' ' " _ 7 Fragment 3 

cycle ^\U)J|2^^ 

" — -P h e(,0) Al,^ -1 C«5) 

2 Val («) Tyr (.3) Glu (78) 

J Asp (A3) Thr (28) Lys (62) <=ly (.7) 

5 Ser (17) ' . Arg (27) 

« Asp (IS) (26) 

I Pro (33) 

? Asn (31) 



Pro (11) 



.68_„. r 70 



,»W S -D-S» ^-E-T-K-C 58 -K- D -P-N-P 63 V«-D-S-G-C -R-C 

S I 109 1 110 

s 78. Y >. T 8i a io7 > 8 !!!!^L 
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"0.02 



NGF (ng/ml) 



FIR 3 Biological activity of recombinant hNGF. (A) PC12 cells grown for 
ifjfes in the absence(left) or presenceC right) of hNGF(50ng/ml) . (B) Dose- 
resoonse curves for hNGF and mouse NGF. The primed PC12 cells were grown for 
2 days !n the presence of hNGFCclosed circle) or mouse 2.5S NGF (open cxrcle). 
and the numbers of cells with neurites were counted. The experiments were 
carried out in duplicate. 



mouse NGF molecule (18,19). suggesting that the recombinant hNGF assumes 
the correct tertiary structure. The molecular weight of the recombinant 
hNGF was calculated to be 13,489. 
Biological activity of re combinant hNGF 

The recombinant hNGF stimulated neurite outgrowth from PC12 cells 
(Fig.3A). The activity was as high as that of the authentic mouse 2.5S NGF 
(Fig.3B). It also supported the survival of sensory neurons isolated from 
dorsal root ganglion of embryonic chicks (data not shown). The specific 
biological activity of recombinant mouse NGF and hNGF produced by E.coli 
(20) and S.cerevisiae (10). respectively, are reported to be 1/200-1/1000 of 
that of mouse NGF isolated from submaxillary gland( 10. 20) . This may be due 
to incorrect folding of these recombinant proteins. In contrast, the 



121 



Vol. 171, No. 1. 1990 



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 



specific activity of the hNGF described here was comparable with that of 
!« mouse 2-SS NGF. These results surest that CHO cells produced the 
recombinant hNGF protein as a native for* with a correct tertxary 
structure. 

We have succeeded in producing substantial amounts of biologically active 
M by the recombinant DNA technioue using CHO cells. This will ope* , the 
Tay for the basic and applied research on hNGF as a neurotropic factor. 
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The low affinity neurotrophin receptor p75NTR can 
mediate cell survival as well as cell death of neural cells 
by NGF and other neurotrophins. To elucidate p75NTR- 
mediated signal transduction, we screened p75NTR-as- 
sociated proteins by a yeast two-hybrid system. We iden- 
tified one positive clone and named NADE (p75NTR- 
associated cell death executor). Mouse NADE has 
marked homology to the human HGR74 protein. NADE 
specifically binds to the cell-death domain of p75NTR. 
Co-expression of NADE and p75NTR induced caspase-2 
and caspase-3 activities and the fragmentation of nu- 
clear DNA in 293T cells. However, in the absence of 
p75NTR, NADE failed to induce apoptosis, suggesting 
that NADE expression is necessary but insufficient for 
p75NTR-mediated apoptosis. Furthermore, p75NTR/ 
NADE-induced cell death was dependent on NGF but 
not BDNF, NT-3, or NT-4/5, and the recruitment of NADE 
to p75NTR (intracellular domain) was dose-dependent. 
We obtained similar results from PC 12 cells, nnr5 cells, 
and oligodendrocytes. Taken together, NADE is the first 
signaling adaptor molecule identified in the involve- 
ment of p75NTR-mediated apoptosis induced by NGF, 
and it may play an important role in the pathogenesis of 
neurogenetic diseases. 



A member of the tumor necrosis factor receptor family, 
p75NTR, can medicate cell death under certain conditions (1- 
5). Unlike the Trk receptor family, its functional roles and 
signaling pathways have remained largely unclear (6). p75NTR 
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(ICD) 1 has a C-terminal region that is highly homologous to a 
type- 2 death domain, thus the existence of p75NTR (ICD)- 
binding proteins has been implicated (7). Recently, tumor ne- 
crosis factor receptor-associated factor (TRAF) family proteins, 
FAP-1, and zinc finger proteins have been reported to interact 
with p75NTR (ICD) (8-12), and these proteins potentially are 
involved in p75NTR-mediated signal transduction. However, 
none of them had a direct effect on NGF-dependent apoptosis. 
To further identify p75NTR (ICD)-binding proteins, we used 
rat p75NTR (ICD) as a target to screen mouse cDNA libraries 
by a yeast two-hybrid system. Here we report the identification 
of the p75NTR-associated cell death executor, NADE. 

MATERIALS AND METHODS 
Cloning of NADE — mNADE was isolated by using a yeast two-hybrid 
system as described previously (13); the cytosolic domain of p75NTR 
cDNA (amino acids 338-396) was used as a target. Briefly, we intro- 
duced mouse embryo pVP16 cDNA libraries into the LexA/p75NTR- 
expressing cells by using a high efficiency LiOAc transformation 
method (14). From a screen of 5 x 10 7 transformants, we identified an 
initial set of 672 His" colonies. Using a 0-galactosidase colorimetric 
assay (15), we selected 181 clones as candidates for further analysis. 
One clone, which specifically reacted with the LexA/p75NTR, was se- 
lected and was named NADE. A full-length mNADE cDNA was cloned 
into pBluescript II KS( + ) by inserting the partial NADE cDNA ( nucle- 
otides 7-524) and the 5 '-rapid amplification of cDNA end product. PCR 
was used to replace the stop codon and to add 5' Xhol and 3' BamHl 
sites into the full-length NADE cDNA. pcDNA3.1/myc-His< - »A/ 
mNADE was constructed by inserting a full-length mNADE cDNA 
into Xhol-BamHl -digested pcDNA3.1/myc-His( - )A (Invitrogem 
Human NADE cDNA was amplified from a Jurkat T cell cDNA 
library; the product was then cloned into X/ioI-BamHl-digested 
pcDNA3.1/myc-His< - )A. 

Plasmids and Analysis of Subcellular Localization — Expression plas- 
mids for green fluorescence protein (GFP)-fused mNADE proteins were 
made as follows: GFP cDNA was PCR-amplified from pEGFP-N2 
(CLONTECH) by using the primer pair 5 -CTAGCTAGCATCATGGT- 
GAGCAAGGGCGAG-3 ' and 5-CCGCTCGAGTCTTGTACAGCTCGTC- 
CAT-3'. The product was cloned into Atfiel-JT/ioI-digested pcDNA 



1 Hie abbreviations used were: ICD, intracellular domain; BDNF. brain- 
derived neurotrophin factor, NGF, nerve growth factor, NT, neurotrophin. 
RT, reverse transcription; PCR, polymerase chain reaction; p75NTR P' 5 
neurotrophin receptor, PARP, polylADP-ribose) polymerase; GFP. green 
fluorescence protein; PBS, phosphate-buffered saline; ALLN, AT-acetyl-L* 0 ' 
Leu-norleuonal; ALLM, N-aoetyl-Leu-Leu-methioninal; PSLZ-ne-G|u/ 
(OtBu^Ala-Leu-aldehyde; MG132. Z-Leu-Leu-Leu-aldehyde; GST, glutathi- 
one S-transferase; FTTC, fluorescein isothiocyanate; DMEM, Dulbecco 8 
modified Eagle's medium; PAGE, polyacrylamide gel electrophoresis: DAr • 
4 ,6^aniidino-2-phenylindole . 

36 This paper is available on line at http://www.jbc 
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Fig 1 Sequence and expression of NADE. A, amino acid align- 
ment of mouse, rat, and human NADE (HGR74) (18) proteins The 
asterisk indicates the alternative starting methionine in human NADE. 
The dashed line indicates the leucine-rich nuclear export signal {NEb) 
U9). The line indicates the ubiquitination sequence (US) (20). Gen- 
Bank™ accession numbers are as follows: mouse NADE, AF 18 7066; rat 
NADE, AF187065; and human NADE (HGR74), AF187064, M38188. B, 
proteasome inhibitors induce expression of NADE proteins in PCNA 
cells. Cells were treated with the proteasome inhibitor ALLN (25 jim), 
PSI (10 ^lM), or MG132 (10 ^iM) or with a calpain inhibitor ALLM (25 
MM) for 3 h Cell lysates were subjected to 12.5% SDS-PAGE and 
analyzed by Western blotting with the anti-a-NADE polyclonal anti- 
body. C, subcellular localization analysis of NADE protein in 293T cells. 
CeOs were transfected with GFP, GFP-NADE wild type (GFP-NADE- 
*D, or GFP-NADE with L94A and L97A (GFP-L94, 97A), which have 
Point mutations within NES motif. TO-PRO-3 iodide was used to visu- 
*Uxe the nucleus, and the subcellular localization analysis was per- 
fused as described under "Materials and Methods." 

I.l/myc-His( - WmNADE. We used the mutageni c prim er pairs 5'-AA- 
AQCTTAGGGAGGCACAGCTGAGAAA-S' and 5 ' -TTTCTC AGCTGTG- 
°CTCCCTAAGCTTT-3' and 5 ' - ATCCGGAG AAAGGCTAGGGAGGC A- 
and 5 -TGTGCCTCCCTAGCCTTTCTCCGGAT-3 to generate 
<*P-L94, 97 A, in which both Leu-94 and Leu-97 are replaced with Ala. 
^24 h after transfection, 293T cells transfected with GFP-containing 
P^*«mid£ were fixed with 3.7% paraformaldehyde, washed with PBS, 
■Attained with TO-PRO-3 iodide to visualize the nucleus. The images 
*f «H gesentative fields were captured on a Zeiss LSM 510 confocal 
. ,,fl*gTanning microscope. 
^ #*%t nte and Antibodies— N-acetyl -Leu -Leu-norleucinal l ALLN), Jv- 
■Leu-methioninal (ALLM), and mouse NGF were obtained 
«*a. PSI (Z-Ile-Glu-(OtBu)-Ala-Leu-aldehyde) and MG132 (Z- 
Leu-aldehyde) were obtained from Calbiochem. BDNF, NT-3, 




and NT-4/5 were obtained from PeproTech EC, TO-PRO-3 iodide was 
obtained from Molecular Probes. The anti-a-NADE polyclonal antibody 
was prepared by immunizing rabbits with the GST-mNADE fusion 
protein and was purified by using antigen -coupled Sepharose 4B (Am- 
ersham Pharmacia Biotech). The anti-rat p75NTR monoclonal antibody 
was obtained from Chemicon. The anti-caspase-3 monoclonal antibody 
and the anti-PARP polyclonal were obtained from Santa Cruz. The 
anti-mouse IgG-Cy-5 antibody and were purchased from Jackson Im- 
munochemical. The anti-mouse Myc antibody, anti-FLAG antibody, and 
the anti-rabbit IgG-FITC conjugate were obtained from the Medical & 
Biological Laboratories. The anti-rat |>75NTR antibody, the anti- 
caspase-2 polyclonal antibody, and the anti-Ol mouse monoclonal an- 
tibody were kind gifts from Drs. M. V. Chao, L. A. Greene, and S. 
Pfeiffer, respectively. . 

Cell Culture and Transfection— 293T and PCNA cells were obtained 
from American Type Culture Collection; PC12 and nnr5 cells were 
obtained from Dr. L. A. Greene. Oligodendrocytes were isolated as 
described previously (16). 293T and PCNA cells were maintained in 
DMEM supplemented with 10% fetal bovine serum. PC 12 and nnr5 
cells were maintained in RPMI 1640 supplemented with 10% horse 
serum and 5% calf serum. 293T cells (1.5 x 10 6 /per 100-mm dish) were 
transiently transfected with 20 Mg of plasmid according to the calcium 
phosphate method in DMEM supplemented with 10% fetal bovine se- 
rum. PC12 and nnr5 cells (4 x 10 6 per 100-mm dish) were transiently 
transfected with 12 jig of plasmid by using LipofectAMINE PLUS (Life 
Technologies, Inc.) in serum-free DMEM containing 100 ng/ml NGF. 

Coimmunoprecipitation—The transfected 293T cells were lysed in 1 
ml of lysis buffer (20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% Triton 
X-100, 1 mM phenylmethylsulfonyl fluoride, 1 mM benzamidine, 2 jxg/ml 
aprotinin, 2 ng/ml leupeptin, 7 ng/ml pepstatin, and 2 PSI) at 4 °C 
for 15 min, then the lysates were centrifuged at 15,000 x g for 30 min. 
The supernatants were immunoprecipitated at 4 °C for 8 h by using 1 
mg of anti-Myc antibody coupled to protein G-Sepharose 4B. The beads 
were washed with lysis buffer, and the proteins were separated by 
12 5% SDS-PAGE and analyzed by Western blotting using the anti- 
P 75NTR polyclonal antibody or the anti-a-NADE polyclonal antibody. 
For PC 12 cells, cells were treated with 100 ng/ml NGF in serum free 
DMEM, lysed in 1 ml of lysis buffer at 4 °C for 15 min, and centrifuged 
at 15 000 x g for 20 min. The supernatants were immunoprecipitated 
by using 0.8 mg of anti-rat p75NTR monoclonal antibody (Chemicon) or 
anti-a-NADE polyclonal antibody, which were coupled to CNBr-acti- 
vated Sepharose 4B (Amersham Pharmacia Biotech). The immunopre- 
cipitated proteins were analyzed by Western blotting using the anti-rat 
p75NTR polyclonal antibody or the anti-a-NADE polyclonal antibody. 

RTPCR— TRIZOL Reagent (Life Technologies, Inc.) was used to 
isolate 5 m€ of total RNA from ohgodendrocytes after treatment of 10 to 
100 ng/ml NGF for 3 h. NADE mRNA was amplified by using the primer 
pair 5 ' -C ATTCCC AAC AGGC AGATG-3 ' and 5-GGCATAAGGCAGAA- 
TTCATC-3 ' . 0-Actin was used as a control. 

Apoptosis Assays and Caspase Assays— The transfected cells were 
washed with PBS, fixed in 3.7% paraformaldehyde, and stained with 50 
/ig/ml DAPI. By using a fluorescence microscopy, the number of cells 
that had the nuclear morphology typical of apoptosis among at least 400 
cells were counted in each sample. The MEBSTAIN Apoptosis Kit 
Direct (Medical & Biological Laboratories) was used for TUNEL assay 
(17) according to the manufacturer's protocol. Western blotting analysis 
detected the active forms of caspase-2, caspase-3, and PARP. For PC 12 
cells and nnr5, the caspase-3 assay was performed with a CPP32/ 
caspase-3 Fluorometric Protease Assay Kit (Medical & Biological Lab- 
oratories) according to the manufacturer's instructions. 

Immunocytochemistry— Oligodendrocytes were treated with 100 
ng/ml NGF for 12 h. After incubation with the anti-Ol mouse mono- 
clonal antibody, cells were fixed with 3.7% paraformaldehyde for 60 mm 
at room temperature, permeabilized with 0.1% sodium citrate contain- 
ing 0 1% Triton X-100 for 2 min on ice, and incubated with the anti-a- 
NADE antibody in PBS containing 0.5 m NaCl, 1% bovine serum albu- 
min, and 1% normal goat serum (Sigma) at room temperature for 1 h. 
After several rinses with PBS, cells were incubated with the anti-rabbit 
IgG-FITC conjugate (Medical & Biological Laboratories) and anti- 
mouse IgG-Cy-5 conjugate in PBS at room temperature for 30 mm. For 
the TUNEL assay, after incubation with the anti-Ol monoclonal anti- 
body cells were fixed, permeabilized, and processed by using the in situ 
detection kit for apoptosis according to the manufacturer's instructions 
(Medical & Biological Laboratory). After several rinses with PBS, cells 
were incubated with the anti-mouse IgG-Cy-5 conjugate in PBS at room 
temperature for 30 min. Glass coverslips were mounted in glycerin jelly, 
and the images of representative fields were captured on a Zeiss LSM 
510 confocal laser- scanning microscope. 
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FIG 2 Interaction of NADE with p75NTR. A, top pa^ determi- 
nation of the mNADE-binding domain in p75NTR in vitro. TM, trans- 
membrane domain; DD, cytoplasmic death domain Bottom^ pane the 
interaction of mNADE with the cell death domain of PjSNTR^n vitro, 
GST-p75NTR fusion proteins and in vitro translated mNADfc, witn 
[ 3& S] methionine were incubated and bound complexes were precipitated 
as described previously (12). B t top panel: determination of the 
p75NTR-binding domain in mNADE in vitro. The mNADE domains 
tested in the GST fusion proteins are shown schematically. Mb£>. nu- 
clear export signal; US, ubiquitination signal. Bottom porie/.tiie inter- 
action of mNADE with p75NTR was measured by using the GST fusion 
proteins containing the p75NTR cytoplasmic region (338-396) witft 
either mNADE or its deletion mutants. C, mNADE associates with 
p75NTR in a ligand -dependent manner. Cells were transfected witn 
pcDNA3/rat -p7 5NTR and pcDNA3.1/myc-His( - )A/mNADE and cul- 
tured for 10 h. After withdrawing the serum, cells were treated with 10 
or 100 ng/ml NGF for 12 h. Coimmunoprecipitation was performed as 
described under "Materials and Methods." Expression of p75NTR and 
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Fig. 3 NGF-depcndent regulation of p75NT^ADE.i» d £^ 
apoptosis in 293T cells. A, effect^ of » e ^* ro P^ , s 
initiated by the association of mNADE with p75NTK Ceiu ^ 
transfected with both of an expression vector £ lh d 
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mNADE was confirmed by Western blotting Rising ! 
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control. D, native complex formation between NADb ^J , tfhf 4* 
PC12 cellE as detected by co-immunoprecipitation ^assa> - 
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4. NGF-dependent regulation of NADE in PC 12 cells, nnrS 
and oligodendrocytes. A, transiently transfected mNADE in- 
•"J 068 apoptosis in PC 12 and nnr5 cells. Cells were transfected for 48 h 
PcDNA3. l/myc-His( - )A or pcDNA3.i;myr-Hisi - )A/mNADE in se^ 
2*-free DMEM containing 100 ng/ml NGF Top panel, expression of 
jyPB was detected by Western blotting with the anti-a-NADE poly- 
ynml antibody. o-Tubulin was used as a control. Middle panel, the 
Po rtage of apoptotic cells was determined by the TUNEL assay, and 
^P 1 * representative histograms show the relative number of apoptotic 
Bottom panel, caspase-3 activation was detected as described 
"Materials and Methods." B, NGF-dependent expression of 
■ad its caspase activation in oligodendrocytes. Top panel. NGF- 
expression of NADE mRNA was determined by RT-PCR 
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RESULTS AND DISCUSSION 

Mouse NADE (mNADE) comprises 124 amino acids, with a 
predicted molecular mass of 14,532 Da; this factor seems to be 
a hydrophilic and acidic protein (estimated pi = 5.97). Previ- 
ously uncharacterized human gene HGR74 (18) showed signif- 
icant identity to mNADE (92.8%, except the histidine-asparag- 
ine-rich stretch (amino acid residues 36-48;Pig. 1A)), being an 
obvious human homolog of NADE. NADE proteins in mouse, 
rat, and human have two consensus motifs, the leucine-rich 
nuclear export signal (NES) (19) and two boxes for ubiquitina- 
tion sequences (20) (Fig. 1A). Expression of mNADE mRNA 
(1.3 kilobases) was found highest in brain, heart, and lung, 
with lesser amounts in stomach, small intestine, and muscle 
and no expression in liver (data not shown). Interestingly, 
NADE protein was detected in PCNA and PC 12 cells only after 
treatment with proteasome inhibitors ALLN, PSI, and MG132 
for 3 h (Fig. LB and data not shown). These data imply that 
native NADE is modified by the ubiquitin conjugating system, 
thereby leading to subsequent protein degradation by protea- 
some. To investigate whether the NES sequence (19) in NADE 
is used for protein transportation from nucleus to cytosol, sub- 
cellular localization analyses of GFP-NADE and GFP-NADE 
NES mutants (Leu-94 — Ala and Leu-97 — ► Ala) were per- 
formed in 293T cells. Wild type with intact NES localizes to 
cytoplasm (Fig. 1C, middle left panel), but the NES mutants 
remain in nucleus (Fig. 1C, bottom left panel). These data 
suggested that NADE protein can be exported from nucleus to 
cytosol and that a NADE associating protein may promote and 
regulate the functional interaction of NADE with p75NTR. 

To assess the interaction between mNADE and p75NTR, we 
first performed in vitro binding assays using GST fusion pro- 
teins (Fig. 2A and B). The mapping studies demonstrated that 
mNADE strongly binds to the cell death domain of p75NTR 
(ICD) (amino acids 338-396) which is identical among mouse, 
rat, and human sequence (Fig. 2A). In addition, C-terminal 
portion of NADE (amino acids 81-106) is necessary for the 
interaction with p75NTR (ICD) (Fig. 2B). To confirm in vivo 
interaction of NADE with p75NTR and its ligand dependence, 
we carried out co-immunoprecipitation experiments with myc- 
tagged mNADE/p75NTR co-transfected 293T cells. The results 
clearly showed that the recruitment of mNADE to p75NTR 
(ICD) was increased dose-dependently by NGF (Fig. 2C). In 
addition, the co-immunoprecipitation assays under physiologi- 
cal conditions in rat pheochromocytoma PC 12 and the human 
neuroblastoma SK-N-MC cell lines confirmed the interaction of 
NADE with p75NTR (Fig. 2D and data not shown). Interest- 
ingly, two NADE bands (22 and 44 kDa) were detected in 
SDS-PAGE under reducing conditions. 

To investigate the functional role of mNADE, we tested ligand- 
dependent apoptosis by the interaction of mNADE with 
p75NTR in 293T cells. Using TUNEL assay, we detected ligand- 
dependent cell death in the presence of NGF, but not BDNF, 
NT-3, or NT-4/5 in co-transfected 293T cells (Fig. 3A). In addi- 
tion, NGF-treated 293T and COS7 cells transfected with 
mNADE and p75NTR showed morphological changes and DNA 
fragmentation typical for apoptosis (data not shown). These 
results strongly suggest that NADE has an important role in 
NGF-induced cell death by transducing the signal downstream 



0-Actin was used as a control. Bottom panels, immunocytochemistry 
was performed as described under "Materials and Methods." Red indi- 
cates mature oligodendrocytes detected by the anti-Ol mouse mono- 
clonal antibody and the anti-mouse lgG Cy-5-coupled secondary anti- 
body Green indicates NADE protein detected by using the anti-a- 
NADE antibody or the TUNEL assay with the FITC-dUTP. The 
superimposed arrows indicate positive staining of NADE protein and 
TUNEL. 
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of p75NTR. Next, we evaluated NGF-dependent caspase acti- 
vation in transfected 293T cells. By Western blotting analysis, 
we showed that caspase-2 and caspase-3 were processed to 
active forms only in 293T cells that were co-transfected with 
mNADE and p75NTR and treated with 100 ng/ml NGF 
(Fig. 35). Also under the same conditions, PARP was degraded 
(Fig. 3B). These data suggest that caspase-2 and caspase-3 are 
involved in NGF-induced cell death by p75NTR/NADE signal 
transduction pathway. 

We used PC12 cells (p75NTR + ++ , TrkA + ) (21, 22\ PC12 
nnr5 cells (p75NTR + + , TrkA"; these cells lack the TrkA recep- 
tor) (23) and mature oligodendrocytes (p75NTR"^ + , TrkA") 
(24) to further study the physiological functions of NADE. 
Transiently transfected PC 12 and nnr5 cells expressed NADE 
protein in the presence of NGF (Fig. 4A, top panel). Both 
TUNEL assay and DAPI staining clearly showed that the tran- 
sient transfection of mNADE to PC 12 and nnr5 cells caused 
their NGF-dependent cell death (Fig. 4A, middle panel and 
data not shown). In addition, caspase-3 was activated in both 
cell types (Fig. 4A, bottom panel), suggesting that TrkA recep- 
tor does not markedly modulate p75NTR/NADE-mediated 
apoptosis. 

RT-PCR was used to examine the NGF-dependent induction 
of NADE expression in mature oligodendrocytes. The results 
clearly showed that NADE mRNA is induced in the presence 
but not in the absence of NGF (Fig. 4B, top panel). Further- 
more, NGF induced caspase-3 activation (Ref. 16 and data not 
shown), implying a role for NADE in NGF-dependent p75NTR- 
mediated apoptosis (24). To further characterize the NGF-de- 
pendent cell death of mature oligodendrocytes, confocal laser- 
scanning microscopy was used to detect the cells undergoing 
apoptosis. In NGF-treated cultures, 60% of mature oligoden- 
drocytes were TUNEL-positive, but in control cultures, only 
10% or less were TUNEL-positive. In addition, 70% of mature 
oligodendrocytes were stained by NADE antibodies in NGF- 
treated cultures, compared with 5% or less in control cultures. 
After NGF treatment for 12 h, both nuclear TUNEL-positive 
staining and NADE-positive staining could be observed in more 
than 50% of Ol-positive mature oligodendrocytes by immuno- 
cytochemistry (Fig. 4B, bottom panels and data not shown). 

The signal cascade mediated by p75NTR has been enigmatic 
for a long time. Recent evidence suggest that p75NTR bifunc- 
tionally mediates signals to induce as well as inhibit apoptosis 
(25, 26). Our results strongly support the hypothesis that 
NADE is a putative signal transducer for p75NTR-mediated 
apoptosis. Furthermore, co-induction of p75NTR and NADE 



triggers zinc-induced neuronal cell death in the model of rat 
hippocampus following ischemia 2 Importantly, since NADE 
contains NES as well as ubiquitination sequences, its protein 
levels and localization might be under tight control in normal 
cells. Taken together, our data showed that the functional 
interaction of NADE with p75NTR plays an important role in 
p75NTR-mediated signal transduction under physiological 
conditions. 
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reacting an active ester derivative, such as that shown above, with a m ^-^ 

ofwhichisshownbeiow. This n^imide permits the easy a— of theRu(bpy) 3 
ECL label to molecules which possess, for example, a thiol group (e.g. , SB). 

2+ 



20 






Other examples of meta.chela.es from which Rn^Mixe ECL labels may be 

derived include: , n 

MsK 4,4.c^me«.oxy>2,2Ubipyri to e>2.[H4-methy.-2,2'-b 1 p^^ 

propyl]-l,3-dioxolane ruthenium (IT); 

bis(2^^bipvridme H 4-<b«u«4.a.K-myl-2,2^bi P yrid to e, ruthentum (II), 

bis( 2 y -bi P yridineH4.(4^me m yl-2 ; 2•-bipyridine)-bu C ,la m ine] ruthemum (II); 
J^-bipyrid^^ 
^ md Di s [( 2,2--bipyridine)maleimidohexanoic acidH-memyl^-bipyndine^-bu^lamide 

ruthenium (II). 

Other examples of metal chelates from which ECL labels may be derived indud, = other 
anddlaUvesthereoftomer — m e^ fluorophores, such as «icarb„ny,,cMoro,( ,1^ 
complexes such as P«diphosphona.e);- ; and clusters such as Mo 6 Cl, 2 . 
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Another important class of chemical moieties which may serve as an ECL label are 
those derived from polyaromatic hydrocarbons, such as naphthalene, anthracene, 
9 10-diphenylanthracene, phenanthrene, pyrene, chrysene, perylene, coronene, rubrene, and the 
like, and from organic laser dyes, such as fluorosceine, rhodamine, and the like, which are able 
to emit light upon electrochemical excitation. 

Typically, one or more ECL labels are attached {e.g., conjugated) to another molecule 
(e.g., an antibody, an oligonucleotide probe). ECL labels may be attached to molecules (to 
form labeled molecules) using standard synthetic methods which are well known to one of 
skill in the art. For example, as discussed above, a molecule comprising an ECL label 
(e.g., Ru(bpy) 3 2+ or a derivative thereof) may be derivatized to form a chemically activated 
species (e.g., an activated ester, a maleimide) which may then be reacted with, and thus 
covalently bound to, a molecule (e.g. , to yield a labeled assay reagent). 



15 B. Quenching Moieties 

As described above, ECL is the emission of photons of electromagnetic radiation 
(e.g., light) from an electronically excited chemical species which has been generated, either 
directly or indirectly, electrochemically. The observed ECL emission may be partially or 
20 completed attenuated by a quenching moiety which is in quenching contact with an ECL label. 
The terms "quenching moiety" and "quencher" as used herein, pertain to a chemical moiety 
which, when in quenching contact with an ECL label, attenuates the observed ECL emission. 

The phrase "in quenching contact with," as used herein, pertains to the condition 
wherein the observed ECL emission from an ECL label is attenuated by the presence of an 
ECL quenching moiety. A quenching moiety in quenching contact with an ECL label 
attenuates the observed ECL emission from that label by at least 10%. Preferably, a 
quenching moiety in quenching contact with an ECL label attenuates the observed ECL 
emission from that label by at least 20%, more preferably by at least 30%, still more preferably 
30 by at least 40%, yet more preferably by at least 50%. Typically, a quenching moiety in 



25 



337462000600 



21 

quenching contact with an ECL label is physically present in spatial proximity to the ECL 
label. For example, a quenching moiety in quenching contact with an ECL label is typically 
separated from an ECL label by a distance of less than about 1 00 nm, more typically less than 
about 50 nm, still more typically less than about 30 nm, yet more typically less than about 10 
nm. Using well known and standard methods, one of skill in the art may readily determine 
whether a prospective quenching moiety will in fact attenuate the observed ECL emission and 
also whether or not a specified quenching moiety is, in fact, in quenching contact with an ECL 
label. 

Without wishing to be bound to any particular theory, Applicants note that a number of 
possible mechanisms for the quenching effect have been postulated. In one mechanism, the 
electronically excited label relaxes by transferring an electron to the quencher (perhaps by 
quantum mechanical tunneling), to yield an electronically excited quencher, which relaxes 
non-radiatively (e.g., vibrational^, rotationally). In another mechanism, the electronically 
excited label relaxes by emitting a photon which is absorbed by the quencher, to yield an 
electronically excited quencher, which again relaxes non-radiatively. In still another 
mechanism, the quenching moiety is electrochemically converted to an electro-oxidation or 
electro-reduction product (typically during the ECL measurement), and this product (or 
subsequent reaction product) quenches the ECL, for example, by one of the preceding 
mechanisms. In yet another mechanism, the quenching moiety, or an electro-oxidation or 
electro-reduction product of the quenching moiety (or subsequent reaction product) acts as a 
free radical scavenger and intercepts one or more species involved in the ECL reaction 
sequence (e.g., TPA' may be intercepted prior to reaction with Ru(bpy) 3 3+ , preventing the 
formation of Ru(bpy) 3 2+ *) and thus quenching the ECL. 

A number of chemical moieties may serve as a quenching moiety. An important class 
of such quenching moieties are those which comprise at least one benzene moiety. A 
sub-class of preferred quenching moieties are those which comprise at least one phenol 
moiety. Another sub-class of preferred quenching moieties are those which comprise at least 
quinone moiety (i.e., a 1 ,4-benzoquinone or a 1,2-benzoquinone). Yet another sub-class 
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of preferred quenching moieties are those which comprise at least one benzene carboxylic acid 
or benzene carboxylate moiety. 

OH O O COOH COO" 

■ K " 6 6 






u 

O 

T*e term "quenching agent," as used herein, pertains to a chemical compound wbch 
comprises a quenching moiety. Examples of quenching agents which comprise at least one 
phenol moiety, and from which quenching moieties comprising at least one phenolmoxety 
may be derived, include, but are not limited to: 
phenol; 

alkyl-phenols, such as C, 6 alkyl-phenols including o-alkyl-phenol, m-alkyl-phenol, 
andp-alkyl-phenol, such as o-methyl-phenol (i.e., o-cresol), m-methyl-phenol (i.e., rc-cresol), 
p-methyl-phenol (/.*., o-cresol), o-ethyl-phenol, m-ethyl- P henol,p-ethyl-phenol, 
o-propyl-phenol, m-propyl-phenol, andp-propyl-phenol; 

aryl-phenols, such as C 7 , 0 aryl-phenols, including o-aryl-phenol, m-aryl-phenol, and,- 

aryl-phenol, such as p-phenyl-phenol; 

halo-phenols, including o-halo-phenol, m-halo-phenol, andp-halo-phenol, such as 

0 -fluoro-phenol, ro-fluoro-phenol, andp-fluoro-phenol; 

hydroxy-phenols, including o-hydroxy-phenol (i.e., catechol), m-hydroxy-phenol 
(i.e., resorcinol), and ^-hydroxy-phenol (i.e., hydroxyquinone); and 
biphenols, such as 4,4'-biphenol. 



Examples of quenching agents which comprise at least one quinone moiety, and from 
which quenching moieties comprising at least one quinone moiety may be derived, include, 

but are not limited to: 

quinones (i.e., benzoquinones), such as o-quinone (i.e., 1,2-benzoquinone) and 

25 p-quinone (i. e. , 1 ,4-benzoquinone); 
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2 6^imethyM,4-benzoq»inone, and2,5-dimethyM,4.beiizoqmnone ; 

5 2«hloro^nzoo.uinone, 2-b ro n«,M«inone, Wodo-.^uinone, 
2 «ta^lX«#« 2,5-difluoro4,4-benzo q uino»e; 2,6-d,chloro-l,4- 
benzoquinone, y * U ™.,,^*« 2,Mib,on«,4,4.benzoquinone, and 
2 5-dibromo-l,4-benzoquinone; 

naphihoquinones, s»cn as and i.^pfchoquinones, — 

in ? me thoxY-3-methyl-l,4-naphthoquinone; 

i **** ^y^-»0-^™ ',8»^- 
5 anyone, 9,10-an^^ 

^ limited to: 

Moo benzoic acid; . ... 

^benzoic acids, su* as o-aminopheno!, m -anunopheno,, and^opheno., 
hydroxybenzoic acids, such as o-hydroxyphenol, m-hydroxyphenol, and 

n-hydroxyphenol; and .11 

25 taon eembc^ ta en,,fte q »cnchin B moictyisa q uinoneoradenva«ve tere of. 

Quinone and i,s drives ™ay usuaiiy be che-nic* modified « possess feacfcve groups^ 



337462000600 



24 

group, which then permits the attachment of the quinone-like moiety (as a quenching moiety) 
to other molecules. 

For example, a 1,4-benzoquinone may be derivatized to possess a carboxylic acid 
group (i.e., -COOH) attached to an ortho- or meto-carbon via a linker group, such as an alkyl 
group. Such a compound is 2-(l-carboxy-but-2-yl)-5-methyl- 1,4-benzoquinone. This 
carboxylic acid derivative may be derivatized to form the N-succinimidyl ester (shown below), 
which permits the easy attachment of the quinone-like quenching moiety to molecules which 
possess, for example, an amino group. 



o 

Quenching moieties may be attached to molecules using standard and well known 
synthetic methods. For example, as discussed above, a molecule comprising a quenching 
moiety (e.g., benzene or a derivative, such as phenol, quinone, benzene carboxylic acid, 
benzene carboxylate) may be derivatized to form a chemically activated species (e.g., an active 
ester, a maleimide) which may then be reacted with, and thus covalently bound to, a molecule. 

C. Assays Employing an ECL Label and an ECL Quencher 

The present invention provides new assay methods for detecting, and preferably 
quantifying, one or more analytes of interest which are present in a sample composition. The 
terms "assay" and "assay method," as used herein, pertain to a method of detecting the 
presence of (e.g., qualitative assay), and preferably quantifying (e.g., quantitative assays), one 
or more analytes of interest. 

Assays of the present invention generally involve contacting the analyte of interest 
(which is typically one component of a sample composition) with a pre-determined 
non-limiting amount of one or more assay reagents, measuring the ECL properties of a 



337462000600 



25 



resulting product (the detection product(s)), and correlating the measured ECL with the 
amount of analyte present in the original sample, typically by using a relationship determined 
from standard samples containing known amounts of analyte of interest in the range expected 
for the sample to be tested. In a qualitative assay, simply determining whether the measured 
ECL is above or below a threshold value (established, for example, using samples known to 
contain or be free of analyte of interest) may be sufficient to establish the assay result. Thus, 
unless otherwise required, the term "measuring" can refer to either qualitative or quantitative 
determination. Assays of the present invention may be heterogeneous (separation) assays or 
homogeneous (non-separation) assays. 

The terms "analyte" and "analyte of interest," as used herein, pertain to a substance 
which is to be detected and preferably quantified. Analytes may be inorganic or organic, 
though typically they are organic. Analytes may be naturally occurring or synthetic. 
Examples of classes of organic analytes include biological molecules such as amino acids, 
15 proteins, glycoproteins, lipoproteins, saccharides, polysaccharides, lipopolysaccharides, fatty 
acids, and nucleic acids. Examples of organic analytes include antibodies, antigens, haptens, 
enzymes, hormones, steroids, vitamins, oligonucleotides, and pharmacological agents. 

The terms "sample" and "sample composition," as used herein, pertain to a 
20 composition which comprises one or more analytes of interest, or which may be processed to 
comprise one or more analytes of interest. The sample may be in solid, emulsion, suspension, 
liquid, or gas form. Typically, the sample is processed (e.g., by the addition of a liquid 
electrolyte) so as to be a fluid (i.e., free flowing) form (e.g., emulsion, suspension, solution) m 
order to readily permit and simplify the detection and quantification of the analytes of interest 
25 using ECL methods. Typically, the analyte of interest is present in the sample composition at 
a concentration of 10" 3 M (micromolar) or less, for example, often as low as 10" 12 M 
(picomolar), and even as low as 10" 13 M (sub-picomolar). 

The assays of the present invention may be characterized as ECL assays; that is, in the 
30 assays of the present invention, the presence of analytes of interest, and preferably the quantity 
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of analytes of interest, is determined using ECL. Furthermore, the assays of the present 
invention rely on the use of ECL label in combination with certain classes of ECL quenchers. 
One class of such quenching moieties are those which comprise at least one benzene moiety. 
Sub-classes of such quenching moieties are those which comprise at least one phenol moiety, 
quinone moiety, benzene carboxylic acid, and/or benzene carboxylate moiety, as described 
above. 

Thus, the present invention provides methods for detecting an analyte in a sample 
composition comprising the steps of: 

(a) preparing an assay mixture comprising: 

said sample composition; 

a reagent having an ECL label; and 

a reagent having an ECL quenching moiety, said ECL quenching moiety 
comprising at least one benzene moiety; 

(b) determining any difference between the ECL emissions of 

(i) the assay mixture prepared in step (a); and 

(ii) an assay mixture comprising: 

said reagent having an ECL label; 

said reagent having an ECL quenching moiety; and 

a known amount of said analyte; and 

(c) correlating any difference determined in step (b) with the amount of analyte in said 
sample. 

In one embodiment, said ECL quenching moiety comprises at least one moiety selected 
from the group consisting of phenol moieties, quinone moieties, benzene carboxylic acid 
moieties, and benzene carboxylate moieties, as described above. In another embodiment, said 
ECL quenching moiety comprises at least one phenol moiety. In another embodiment, said 
ECL quenching moiety comprises at least one quinone moiety. In another embodiment, said 
ECL quenching moiety comprises at least one benzene carboxylic acid moiety. In another 
embodiment, said ECL quenching moiety comprises at least one benzene carboxylate moiety. 




In one embodiment, said known amount of analyte is zero. 

In one embodiment, said reagent having an ECL label and said reagent having an ECL 
quenching moiety are the same reagent to another embodiment, said reagenthaving an ECL 
label and said reagent having an ECL quenching moiety are different reagents. 

In one embodiment, the method tether comprises the initial step of conducting a 
chemical reaction on a substrate present in an initial sample composition to produce sard 
„*fe in said sample composition, and the final step of correlating any difference detemuned 
in step (b) with the amount of substrate in said initial sample composition. 

to one embodiment, the method further comprises the step of conducting a chemical 
reaction with Ore assay mixture prepared in step (a) before the determining of step (b). 

to one embodiment, the presence of a particular analyte of interest results in a decrease 
urECLemissionresultingfrom, for example, a decrease in a particular ECL emission from an 
ECL label. Such a change in ECL emission may result, for example, by in.roduc.ng a 
quenching moie* into quenching contact with an ECL label. Alternatively, in another 
embodiment the presence of a particular analyte of interest result in an increase ,n ECL 
emission resulting from, for example, an increase in a particular ECL emission from an ECL 
label. Such a change in ECL emission may resuU, for example, by removing a quenclung 
moiety from quenching contact with an ECL label. 

in one embodiment, the assays of the present invention exploit binding pairs in order to 
bring ECL labels and ECL quenching moieties together (into quenching contact) or apart (out 
of quenching contact). Examples of binding pairs include oligonucleotides and 
oligonucleotide hybridization probes; antibodies and antigens; enzymes and substrates; and 
strong binding pairs such as biotin-avidin. Such binding pairs may typically be employed » 
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assays of the present invention to permit the detection an analyte of interest which is one 
member of a binding pair, or which is conjugated to one member of a binding pair. 

In one embodiment, the assays of the present invention may be employed to detect 
oligonucleotides {e.g., DNA, RNA). Deoxyribonucleic acid (DNA) is a polynucleotide, more 
specifically, a polymer of deoxyribonucleotide units. A deoxyribonucleotide typically consists 
of a nitrogenous base, a sugar, and one or more phosphate groups. A deoxyribonucleoside 
typically consists of a nitrogenous base and a sugar. In naturally occurring DNA, the sugar 
group is typically p -D-2'-deoxyribofuranose and the nitrogenous base is typically a purine 
(e.g., adenine, A, and guanine, G) or a pyrimidine (e.g., thymine, T, or cytosine, C). Most 
commonly, the C-l carbon of the D-2'-deoxyribose is attached to the N-l of a pyrimidine or 
the N-9 of a purine; the configuration of this N-glycosidic linkage is p (the base lies above the 
plane of the sugar). The four naturally occurring deoxyribonucleosides are called 
deoxyadenosine (dA), deoxyguanosine (dG), deoxythymidine (dT), and deoxycytidine (dC). 
Deoxynucleotides are phosphate esters of deoxynucleosides. Most commonly, the phosphate 
ester is formed at the 5'-OH group of the sugar group (i.e. , the 5'-OH is converted to 5'-OP0 3 " 
2 ); the resulting compound is referred to as a nucleoside 5'-phosphate or a 5 '-nucleotide. 
More than one phosphate group may be attached (e.g., diphosphate, 5'-OP0 2 OPCV 3 ; 
triphosphate, 5'-OP0 2 OP0 2 P0 3 - 4 ). For example, an important activated precursor in the 
synthesis of DNA is deoxyadenosine 5' -triphosphate (dATP). 

As mentioned above, DNA is a polymer of deoxyribonucleotide units. Most 
commonly, the polymeric backbone of DNA is constant and consists of deoxyribose groups 
linked by phosphate groups; more specifically, the 3'-position of one deoxyribose group 
(it was 3'-OH) is linked to the 5'-position of the adjacent deoxyribose group (it was 5'-OH) 
via a phosphodiester group (i.e., -OP(=0)(0-)0-). The variable aspect of DNA is its sequence 
ofbases(e.g., A, G, C, and T) attached at the l'-positionof each deoxyribose group. Thus, 
the four repeating units (often referred to as residues) most commonly found in DNA are 
referred to as deoxyadenylate, deoxyguanylate, deoxycytidylate, and deoxythymidylate. 



337462000600 



29 



A DNA polymer may be conveniently be represented by its component bases, often 
referred to as its "sequence." Since one end of the DNA molecule terminates in a sugar group 
having a free 3'-gr„up (,g, 3MJH. 3'-OP<V>) and the other end terminates with a sugar 
grouphavinga f re ea 5 '-gro«p(^.,5--OH,5-.OPO,-),i.i S necessary.ounamb I guou S ly 
identify which end is which. As a matter of universal convention, DNA is recited letV te , ngh, 
Horn the SMerminus to the V-terminus. Thus, ACG denotes 5'-ACO-3' o, 5 -A-3 -5 -C-3 - 
5..0.3' msomecases.aDNApolymermaybecyclicandthushaveno.erminus^insuch 

cases, the sequence is recited from 5' to 3', from a suitable, possibly arbitrary, pon... 

DNA usually occurs in a double-helix form (Watson-Crick), wherein mo helical 
polynuc.eo.ide chains (e.g. , sttands) are coiled around a common axis, with each chant 

above. The purine and pyrimidine bases are on me inside of the helix, whereas the phosphate 
and deoxyribose groups are on the outside. The planes of me bases are roughly perpendrcular 
«, the helix axis and the planes of the suga* are nearly parallel to the hehx axis. The dtameter 
of the helix is about 20 A. Adjacent bases are separated by about 3.4 A along the hehx ax,s 
and are related by a rotation of about 36". Thus, the helical structure repeats after ten resmues 
on each chain, that is, a. intervals of 34 A. A re.ative,y small DNA helix wherein each strattd 
has 1000 residues is approximately 3.4 u m from end-to-end. 

The two chains are held together by hydrogen bonding between pairs of bases (often 
referred to as "base pairs") and by sacking interaction (,-elechon sharing) between adjacent 
base pair,. Because of steric and hydrogen bonding reasons, a purine is always paired wrfh a 
pyrimidine; more specifically, adenine is always paired with thymine (* two hydrogen 
bonds), and guanine is always paired wim cytosine (* three hydrogen bonds). Thu^each 
base pair contributes about 620 daltons to the molecu.ar weigh, of the double hehx. Note, 
however, ft* there is no restriction on the sequence of bases along the polynucleot.de cham. 
It is die precise sequence of bases mat carries genetic information. 
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The two strands of a DNA double helix readily come apart when the hydrogen bonds 

or by adding acid or alkali to ionize the bases. The resulting unwinding of the doub,e hehx ts 
commonly referred to as -melting" or "denaturation," and is characterized by a melting 
temperature a. whichhalf of the molecules are rendered singie stranded. Melting is usuaUy 
reversible, and the unwound chains may come together to reform the helix, in a process 
commonly referred to as "annealing," "renaturation," or "hybridization " 

Ribonucleic acid (RNA) is another example of a polynucleotide. Like DNA, RNA is a 
polymer consisting of nucleotides jointed by a 3'-5' phosphodiester bonds. The covalent 
suture of RNA differs from tha, of DNA in two important respects. In RNA, the sugar 
group is p-D-ribose (instead of p -D-2'-deoxyribose). Also, one of the four major bases ,n 
L A is L pyridine uracil, U (which replaces thymine found in DNA). Thus, m RNA, base 
pairs are AU and OC (instead of AT and OC found in DNA). RNA can be single-strande or 
double-handed, though usually it is single stranded. Although RNA cannot form a doubte 
helix of the B-DNA type, RNA often forms regions of double-helical structure produced by 
self-hybridization and the formation of hairpin loops. 

DNA may be replicated with the aid of an enzyme, referred to as a DNA polymerase 
, < e .*,DNApo. a ,p, 7 ,6,e). Typically.aDNApolymeraseca^utes^by-stepadd^ 
f deoxy—eotides units to the ^terminus of a pre-existing DNA chain (often referred 

^beenhybridized. Typically^^ 

isanucleo P hUicattackofme3^0Hterminmoftheprimerontheinnermost(,.e., a - 

, 5 phosphorus) phosphorus atom of a deoxyribonucleoside triphosphate; a 
' is formed and py^hospha* concomitantly released. The DNA polymerase catalyzes the 
formation of the phosphodiester bond only if the base on the incoming nucleotide ts 
commentary to the base on the template stiand; indeed, mismatched base parrs are 
removed. In mis way, the template driven replication proceeds with very high fidehty and 
30 withanerrorrateoflessthanlO-'perbasepair. 



337462000600 



31 



Genes comprise DNA. A particular DNA sequence encodes a particular amino acid 
sequence. In this way, proteins (poly amino acids, polypeptides) are encoded by DNA. DNA, 
preferably double stranded DNA, is used as a template for an RNA polymerase (e.g., RNA pol 
I, E, ID) to produce messenger RNA (mRNA) which encodes a particular protein. In this way, 
DNA is transcribed into mRNA. Triplets of mRNA residues, referred to as "codons," 
represent each of the 20 naturally occurring amino acids according to the genetic code. The 
mRNA is then itself used as a template and is "threaded" through a ribosome (comprised of 
ribosomal RNA, rRNA, and ribosomal proteins) to produce the protein encoded by the 
particular mRNA. In this way, mRNA is translated into protein. Individual amino acids, 
which are attached to a short piece of transfer RNA (tRNA) which also recognizes a specific 
codon in the mRNA, are incorporated into the growing protein by the ribosome. Coded DNA 
(cDNA) may be obtained from mRNA (acting as a template) using the enzyme reverse 
transcriptase. In this way, coding a particular protein may be obtained in a DNA form which 
is often more suitable for cloning and other genetic manipulations. 

Polymerase chain reaction (PCR), developed in the mid-1980's, permits the simple and 
rapid production of large quantities of a specified DNA sequence without resorting to cloning. 
PCR exploits the ability of DNA polymerases (e.g., Taq polymerase) to replicate DNA from a 
single stranded template DNA. Both DNA strands can serve as templates; single stranded 
templates may be easily produced, for example, by heating double-stranded DNA to a 
temperature near boiling. PCR requires that certain reagents be present in the reaction 
mixture, including activated nucleotide monomers (e.g., ATP, GTP, CTP, TTP) and Mg +2 . 
PCR also requires a small piece of double stranded DNA at which to initiate (i.e., prime) 
replication, which is usually provided by annealing (hybridizing) a suitable oligonucleotide 
"primer" at the site from which replication is to begin. Since DNA polymerase replicates 
DNA in the 3' to 5' direction, both strands may act as templates if two primers are provided, 
one which will hybridize to one strand, and one which will hybridize to the other strand. 
Following replication, the newly grown double stranded DNA (comprising the template strand 
and newly grown strand) is melted (e.g., by heating to near boiling), and each of the resulting 
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single strands may act as a template in the next cycle. In this way, each cycle effectively 
doubles the number of desired single-stranded DNA fragments, and increases the proportion 
of DNA fragments which are identical (as defined by the positions of the two primers). 

PCR is readily adapted to automation. Typically, a DNA sample is initially heated 
{e.g., 94°C, 5 min) to separate the strands, and the reagents (e.g., Tag polymerase, primers, 
excess activated nucleotide monomers, Mg +2 , etc.). In a first heating step (e.g., 30-65°C, 
30 s), primers bind to the DNA strands. In a second heating step (e.g., 65-75°C, 2-5 min), the 
polymerase synthesizes new DNA strands. In a third heating step (e.g., 94°C, 30 s), the 
strands of the resulting double stranded DNA are separated. The three steps are repeated for 
each cycle. Typically, from 10-60 cycles are performed. Theoretically, 32 cycles will yield 
approximately 10 9 copies of the desired double stranded DNA fragment. 

Specific oligonucleotides (e.g., DNA, RNA) may often be synthesized directly from 
monomers, dimers, etc. without the aid of a polymerase and without the need for a template 
strand. Typically, a solid-phase method is employed in which nucleotides are added to a 
nascent oligonucleotide which is attached to a solid support. A number of solid-phase 
oligonucleotide syntheses are known, including triester, phosphite, and phosphoramidate 
methods, though the last is often the preferred. 

Typically, solid-phase oligonucleotide synthesis by the phosphoramidate method 
involves stepwise synthesis of the oligonucleotide in the 5'-direction by reiteratively 
performing four steps: deprotection, coupling, capping, and oxidation. In the first step 
("deprotection"), the growing oligonucleotide, which is attached at the 3'-end via a 
3'-0-group to a solid support, is 5'-deprotected to provide a reactive group (i.e., a 5'-OH 
group). In the second step ("coupling"), the 5'-deprotected supported oligonucleotide is 
reacted with the desired nucleotide monomer, which itself has first been converted to a 
5'-protected, 3'-phosphoramidite. For example, the 5'-OH group may be protected in the 
form of a 5'-ODMT group (where DMT is 4,4'-dimethoxytrityl) and the 3'-OH group may 
converted to a 3'-phosphoramidite, such as -OP(OR')NR 2 , where R is the isopropyl group, 
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-OKCHjJj, and R' is, for example, -H (yielding a phosphoramidite diester), or -CH 3 , 
-C Hj CH 3 or the beta-cyanoethyl group, -CH 2 CH 2 CN (yielding a phosphoramidite mes,er). 
The ^phosphoramidite group of to monomer reacts with the deproteeted 5'-OH group of 
^wmg oligonucleotide to yield me phosphite Iinkage5'-OP(OR')0.3-. No. all ofthe 

growing oligonucleotides will couple with the provided monomer; those which have not 
-grown" would yield incomplete oligonucleotides and therefore must be withdrawn from 
former synthesis. Ms is achieved by the third step ("capping"), in which all remaining -OH 
groups (/.,., unreacted 5'-OH groups) are capped, for example, in the form of acetates 
(5'-OC(0)CH,) by reaction with acetic anhydride. Finally, in the oxidation step, the newly 
formed phosphite group (,>., 5'-OP(OR')0-3') of the growing oligonucleotide is converted to 
a phosphate group (U. 5'-OP(-OXOR')0-3'), for example, by reaction with aqueous .odme 
and pyridine. The four-step process may then be reiterated, since the oligonucleotide optioned 
after oxidation remains 5'-pro.ected and is ready for use in the firs, deprotection step 
described above. When the desired oligonucleotide has been obtained, it may be cleaved from 
me solid support, for example, by tieatinen. with alkau and heat. This step may also serve to 
convert phosphate triesters (i.,, when R' is no, -H) to the phosphate diesters (-OP(-0) 2 0-), as 
well as deprotect base-labile protected amino groups of the nucleotide bases. 

Most methods for delecting specific DNA and RNA sequences rely on nucleic acid 
hybridization. Typically, such methods rely on the formation ofa duplex between a target 
DNA or RNA sequence and a labeled nuc.eic acid hybridization probe. Hybridization probes 
are usually complementary to a specific par. of the targe, nucleic acid. Note, however, that a 
hybridization probe may be only partially complementary, ye. still form a stable duplex wth 
me targe, sequence. Typically, hybridization probes are at leas, 70% complementary, though 
more often a, leas, 90% complement <o me targe, sequence. Hybridization probes usually 
have a sequence which is long enough to ensure bom selective and stable hybridization. 
Typically, hybridization probes have from 6 to about 500 monomer units (e.g., nucleotides), 
thoughmore typically from about 10,o about 100 monomer urats. Specific hybridization 
probes having the desired sequence are often synthesized directly using sohd-phase 
ohgonucleotide synthesis memods. Labeled nucleic acid probes are utilized in a variety of 
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assayformats including do, blots, Sou*™ blo K (DNA ^rget), Northern Hots (RNA ^rge,), 
in sit»hybridiza«on,plaauehybridiza<ion, and colony hybridization. A number of different 
substances have been used to .abel a nucleic acid probe, and a number of different methods 
have been used to detect these labels. See, for example, Kricka, 1992. 

to one embodiment, the assays of the present invention may be employed to detect 
DNA by employing two oligonucleotide hybridization probes, one with an attached ECL label 
andthe other with an attached ECL quenching moiety. Theprobesmay be specifically chosen 
so that, upon annealing with the target DNA, the ECL label and ECL quenching moiety are 
brought into quenching contact, thereby reducing the observed ECL emission. Thus, a 
decrease in ECL emission may be correlated wimdte amount of target DNA present inthe 
sample. 

In another embodiment, the assays of the present invention may be employed to detect 
DNA by employing a oligonucleotide hybridization probe which possesses both an ECL label 
and an ECL quenching moiety, in combination with a DNA polymerase (typically m a 
non-separation assay). For example, a target DNA in a sample may be detected by formmg a 
mixt^ comprise me sample, a sutable ol^^^ 

ECL label (L) and an ECL quenching moiety (Q), a suitable oUgonucleotide primer whrch 
hybridizes to the target DNA at a position upstream from the hybridization probe, a 5'-specific 
DNA ^polymerase, such as the well known To, polymerase (derived from Thermus 
Aquations), and suitable concentrations of activated nucleotide monomers (e.g., ATP, OTP, 
CTP TTP) and other reagents {e.g., KC1, Tris HC1, MgCl^- Typically, the ECL label and 
ECLquenching moiety of the unhybridized oligonucleotide hybridization probe are » 
quenching contact, and low ECL emission is observed. The mixture is processed to perm,, the 
hybridization probe and primer to anneal to the target DNA. Typically, the ECL label 
ECL quenching moiety of me hybridized probe are in quenching contact, and, again, low ECL 
emission is observed. The polymerase reaction is men allowed to proceed. Starungatthe 
3'-end of the primer, me S'-specific DNA ^polymerase extends the primer m the 
S'-direction, one nucleotide a. a time, using the target DNA as a template. If, as the 
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polymerase proceeds downstream in the 5 • -direction, it encounters a bound hybridization 
probe the polymerase will degrade the bound probe as it extends the primer. Hie 
hybridization probe is converted to short oligonucleotide fragments (typically monomers), 
which are freed from the target DNA and enter the solution mixture. Since the ECL label and 
the ECL quenching moiety were attached to different monomer units, they are, upon 
degradation, freed into solution and thus are no longer held in quenching contact. Thus, an 
increase in ECL emission may be correlated with the amount of target DNA present in the 
sample. An analogous method has been illustrated for fluorescence labels and fluorescence 
quenchers. See, for example, Wittwer, 1997. 

In yet another embodiment, the assays of the present invention may be employed to 
detect DNA by employing a oligonucleotide hybridization probe which possesses both an ECL 
label and an ECL quenching moiety, and which has self-hybridization sequences. In the 
absence of the target DNA, the probe self-hybridizes (typically forming a hairpin or hairpin- 
loop structure), bringing the ECL label and the ECL quenching moiety into quenching contact. 
In the presence of the target DNA, the probe preferentially anneals to the target DNA, and m 
doing so separates the ECL label from the ECL quenching moiety so that they are no longer in 
quenching contact, and the ECL emission increase, Thus, an increase in ECL emission may 
be correlated with the amount of target DNA present in the sample. 

In one embodiment, the assays of the present invention may be employed as 
immunoassay to detect antibodies or antigens. Antibodies, also referred to as 
immunoglobulins, are proteins synthesized by an animal in response to the presence of a 
foreign substance. They are secreted by plasma cells, which are derived from B lymphocytes 
(B cells) These soluble proteins are the recognition elements of the humoral immune 
response. Each antibody has a specific affinity for the foreign material that stimulated its 
synthesis, and readily binds with the foreign material to form a complex. A foreign 
macromolecule capable of eliciting antibody formation is called an antigen (or immunogen). 
Proteins, polysaccharides, and nucleic acids are usually effective antigens. The specific 
affinity of an antibody is not for the entire macromolecular antigen, but instead for a particular 
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cut of four individual protein chains: two light (L) chains 
structurally, antibodies consist ot tour inaiviuu v 

htruciurany, a. molecular weight 

m rf and two classes of light chains, c a™ 1 V 11 ls u ' c 
heavy chains,,, 5 , y,e, -4a. iffimunogloblllta , Ig ) as an !gM, Ig0, IgO, IgE, or 

IgA, respectively. Generally, ^ ^ ^ constant 

*. amino end) and a constant region (a the ^xy ) ^ ^ 

variable regions of the light ana nea y Genera lly, antibodies may 

example, by papain, W*. «•»»■ l*-"*'* 0 8 chain . each has 

^-^-r^^ ^o^pletelightchainsandonepartofeach 
ro f *e W oheavychains,andh a v i » g noa„ ti gen«ndin g s,,es)are„ tom ed. 

ofanUbodyproducedbyagivencellisrelatcdtot alargenumbe r of different 
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precursors of plasma eells, are triggered to dWide and proliferate by the binding of antigen to 
receptors, antibody molecules which span the membrane and are have binding sites exposed 

the same specificity as the membrane-bound antibody. 

Antibodies may be generated, for example, by administering an antigen to an animal. 
Typically, the antigen comprises a hapten bound to a hapten determinant (e.g., a earner 
macromolecule), such as serum albumin, serum globulins, lipoproteins, and the hke. The 
antigen may be conveniently prepared for injection by rehydrating lyophilized antigen to form 
a solution or suspension, and is usually mixed with an adjuvant. Examples of adjuvants 
include water-in-oil emulsions, such as Freund's complete adjuvant for the first 
administration, and Freund's incomplete adjuvant for booster doses. Typically, the antigen 
composition is administered at a variety of sites, and in two or more doses over a course of a. 
least about 4 weeks. 

Serum (i e , polyclonal antiserum) is harvested from the animal and tested for the 
presence of desired antibody using the antigen or an antigen analog in a standard immunoassay 
or precipitation reaction. The polyclonal antiserum will typically contain some antitod.es 
which are no. reactive with the antigen, and some which are reactive with the antigen but are 
ab „cross-reac,ivewimomerantigens(, ? .,«othighlyselective). Methods for purifying 
specific antibodies from a polyclonal antiserum are known in the art. A particularly effective 
ruethod is known as affinity purification which employs a column having antigen conjugated 
* a solid phase , a Sepharose column). The po.yc.ona. antisera is passed over the 

For general techniques used in raising, purifying and modifying antibodies, and the design and 
execution of immunoassays, see, for example, Weir !996; Coligan.M/., 1991; Wdd, 
1994; and Masseyeff et al, 1993. 

Since a given antibody-producing cell (e.g., a splenocyte) produces only one specific 
antibody, it is usually necessary to clone that cell in order to generate quantities of tha, spectfic 
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myeloma cell, and tirus pro.ifera.es in cuhure; in this way, tire antibody-producing ceU » 

denes that produce antibodies of the of .he desired specificity are select Spec.fic,<y s 
^delined^mcultirre supernal, for exarnpU, by rbe a»ti g en ; .be derecun, 
nanirnmunoassay. A suppiy of *e desired rnonodona, antibody fronrtirese.ec.ed 

^.ablypreparedhosranrma, s taj ec.ed ^ur tire c,„n, T,e antibody nray o« be 

reckon, ^^<>---^^ M ' ,K ^\^^ 

LaL antibody-producing cells may be harvest from an immunrzed annual donor or tirey 

Wands « «!., 1985; Milslein e, al, 1984; and Hoffmann, 1984. 

antibody, and encompasses no. only intac. antiWy molecules, bu. also such antibody 
2 tire antibody activi V of an imac. Inrmunoglobulin. .n tins conKx,, "antibody activ e 
, i ^sv.tireantibodysan.isenb^si.c. PragmenUandotirerderlvativesofautibod.es 
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^tethevariant. *— es^-e^edv^ofp^in^unCuae 
fragments (scFv), and diabodies. 

with the antigen, toy are often aiso screened according to other criteria, such as Low 
c.oss-reacti^withpo^aiin.erfering — an^gen reac»^ and 

action of an antibody may require a compromise between these vanous features. 

to one embodiment, the assays of the present invention may be employed as 
Unm^oassaytodetectanantibodyoranantfgen. For example, a targe, antibody (to be 

using f rexample.c.uenchingagen.wi.hamino-reactivegroups). An anugen or anttgen 

emission may be correlated with the amount of target antibody present tn the sample. 

be used to detect target antigens. 
, ^petition immunoassay to detect an antibody or • arttigen. For example, a target anybody 
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(,o be detected) in a .ample may first be derivatized to possess one or more ECL quenching 
moieties (using, for example, quenching agents with amino-reactive groups). An antigen or 
antigen analog may then be prepared which possesses an ECL label. Upon nuxtng, 
antibody-antigen complexes are formed wherein the ECL label and the ECL quenching motety 
are brought into quenching contact, thereby reducing the observed ECL emission. A second 
antigen or antigen analog, which lacks an ECL label, and which has a similar binding afflntty 
for the target antibody may be added. (Alternatively, the firs, antigen may be unlabeled and 
fte second antigen may be labeled.) In mis way, the unlabeled antigen competes wtth the 
labeled antigen; labeled antigen which is free* upon competition will increase the ECL 
emission. Thus, a change in ECL emission may be correlated with the amount of targe, 
antibody presen. in me sample. Analogous methods may be used to detect large, antigens. 

to one embodiment, the assays of the presen, invention may be employed to detect 
enzymes, enzyme agonists, and enzyme antagonists. Enzymes, the great majority of winch are 
proteins (poly amino acids), are catalysts of biological systems. Enzymes typically offer 
substantial catalytic power (often accelerating reactions by a factor of 10' or more) and 
exquisite selectivity. By utilizing a full repertoire of intramolecular and intermodular forces, 
enzymes are able bom to bring substrates into optimal orientation for making and breakmg 
chemical bonds, and to stabilize the transition states for me desired reaction path. An enzyme 
usually catalyzes a single chemical reaction or a set of close.y related reactions, wt«h a very 
low proportion of side-reactions which yield undesired by-products, and with a very hrgh 
degree of selectivity (often virtually absolute). 

The first step in enzymatic catalysis involves me formation of an enzyme-substrate 
complex, wherein the substrate is typically bound * a specific region of the enzyme usually 
referred to as the active site. The active site typically occupies a relatively small portion of the 
Ml vohune of an enzyme, and many of me amino acid residues in an enzyme are no. m 
contact with the substrate. The active site is a mree-dimensional entity, typically formed by 
chemicals groups on different amino acid residues (often far apart in a linear amino acrd 
sequence) that come together as a result of the enzymes primary, secondary, tertiary, and 
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Tft.^^^^^^-^^'^"^ 

by a lock and key, respectively, which have complement — Alternative*, the 

substrate complex. 

^eactivi^ofenzymesmayonenbeincreasedotdec.asedbyce^nsmall 

A„ inhibitor may bind irreversibly a. the active site, in which case the enzyme ts rendered 
HiypermLnnymacUve. 

Itdfterebyreducetheen^ne.sabiii^bind — at the binding site M con as, 

^^^^-*^----*-* , - ta,, '* ,,1,, ' ,, " 

other than the active site, and thereby increase the enzyme's activrty. 

,n one embodiment, the assays of the present inventionmay be employed to detect (or 
identify) an enzyme, substrate, irreversible inhibitor, competitive inhibitor, antagonts, or 

iabel. Upon mixing, enzyme-substiate complexes are formed wherem the ECL label and 
observed ECL emission. Thus, a decrease in ECL emission may be cor^afcd wrft ft. 
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^es.Ana.ogou, methods may be used.ode^^t^es.subs^ana.ogs, 
irreversible inhibitors, competitive inhibitors, antagonists, and agonists. 

mother embodiment assaysof thepresen. invention may be employed asa 
iJLr, antagonist or agonist. For example, to detect a substrate » a sampl , one n» first 
e^onenchingagents^amino-^ve groups). A — analog, wl^a 

may men be prepared. Upon mixing me enzyme and substrate analog, enzyme-substrate 
Zo^ompLesareformedwhereinmeECLlabeiandoneormoreECL^ 

detected isthenadded. The substrate, which lacks an ECL label, competes with the labeled 

Slstratepresentinmcsample. Anaiogous me*ods ma, be used to de«ct e.ymes, 
substrate analogs, competitive inhibitors, antagonists, and agontsts. 

In one embodiment, me assays of me present invention may be employed to detect 
materials which may be selectively derivatized to possess one member of a strong mdtng 

Lbiounstreptavidh, Biotin.aiso known as vitammH of me vitamin B complex,, an 
asbiotin-streptavtom ,„ r „ 0 N,S Avidin, a 70 kilodalton protein 

imidazolepentanoicacidofempmcalformulaC^.^S. Avid 

found in eL white, has a very high binding affinity for biotin. Strep^m, a suml. pro.em 
partially due to its four biotin binding sites. 

Forexample a target molecuie (to be detected) may be selectively derivatized to 
, andanECLlabel. A streptavidin derivative may be prepared which possesses one or more 
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quenching moieties. Upon mixing, biotin-streptavidin complexes are formed wherein the ECL 
label and one or more ECL quenching moieties are brought into quenching contact, thereby 
reducing the observed ECL emission. Thus, a decrease in ECL emission may be correlated 
with the amount of target molecule present in the sample. Alternatively, the target molecule 
may be selectively derivatized to possess, for example, biotin/ECL quenching moiety, 
avidin/ECL label, or avidin/ECL quenching moiety; counterparts reagents would then 
comprise avidin/ECL label, biotin/ECL quenching moiety, and biotin/ECL label, respectively. 

The present invention also provides reagents, reagent sets comprising one or more 
reagents, and reagent kits comprising one or more reagent sets, for use in the assay methods of 
the present invention. Reagents may be in solid, liquid, or gaseous form, though typically are 
in solid or liquid form. Examples of reagents include, but are not limited to, reagents for ECL 
labeling, reagents for attaching ECL quenching moieties, electrolyte compositions, solvents, 
and buffers. Reagents and/or sets of reagents for use in the assays of the present invention are 
typically provided in one or more suitable containers or devices. Reagent sets are typically 
presented in a commercially packaged form, as a composition or admixture where the 
computability of reagents will allow, as a reagent kit; for example, as a packaged combination 
of one or more containers, devices, or the like holding one or more reagents, and usually 
including written instructions for the performance of the assays. 

D. Methods for Measuring ECL 

A range of suitable apparati for measuring the ECL of sample are known in the art. 
See, for example, Blackburn* al, 1991; Leland 1990; Hall et al., 1991. Typically, 
ECL is measured using an apparatus which comprises (i) a receptacle for the sample (which is 
typically a liquid); (ii) two or more electrodes disposed in the receptacle and in contact with 
the composition to be examined, one of which is the "working electrode" at which 
electrochemiluminescent species are produced, and (Hi) a detector, which detects some 
fraction of the photons emitted during electrochemiluminescence. 
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For convenience, the ECL apparatus typically has three electrodes: a working 
electrode, a counter electrode, and a reference electrode. Often the reference electrode 
(e.g., a standard Ag/AgCl electrode) is located some distance from, but in contact {via the 
electrolyte) with, the working and counter electrodes. The working and counter electrodes are 
typically noble or relatively inert metals such as platinum and gold. 

The detector may be any device which detects (and preferably quantifies) photons, 
such as a photomultiplier tube (PMT), a photodiode, a charge coupled device, photographic or 
light sensitive film or emulsion. Typically, the detector is a PMT, which may be chosen to be 
particularly sensitive for a certain range of photons, for example, ultraviolet, visible, or 
infrared. The detector is typically positioned in a manner so that it may readily and efficiently 
detect the photons emitted during ECL. For example, in one embodiment, the working 
electrode is a gold or platinum disk, the PMT detector is positioned directly across from the 
front flat surface of the working electrode, and the composition to be examined flows laterally 
over the disk, between the disk and the PMT detector. 

For convenience, the ECL apparatus typically incorporates means for fluid handling, 
including, for example, inlets to and outlets from the sample receptacle which are connected to 
reservoirs (e.g., via tubing) for reagents, electrolyte/buffers, and the sample composition, and 
pumps (e.g. , a peristaltic pump) for moving liquids between the receptacle and the reservoirs. 
In this way, the apparatus may be used to measure ECL in either a static or flow-through 
configuration. 

A well known and commercially available ECL apparatus is the Origen I Analyzer®, 
which integrates a photometer (as detector), an electrochemical cell (receptacle and 
electrodes), a potentiostat (for operating the electrochemical cell), and means for fluid and 
sample handling. The analyzer employs a flow injection system that permits rapid and 
reproducible determinations of sequential samples. The photometer is a photomultiplier tube 
(typically red-sensitive for optimal detection of Ru(bpy) 3 2+ labels) positioned directly above 
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the working electrode so that the light from the electrode is recorded and integrated during 
each measurement. 

As discussed above, ECL is the emission of photons of electromagnetic radiation 
(e.g., light) from an electronically excited chemical species which has been generated 
electrochemically. Thus, to measure the ECL of a particular sample, the sample must be 
electrolyzed to produce electro-oxidized and/or electro-reduced species which, either directly 
and following further reaction, emit photons. The sample is typically electrolyzed by applying 
an electrical potential to the working electrode, for example, with abattery or other source of 
electromotive force (EMF). For convenience, the potential difference is reported as the 
potential of the working with respect to the reference electrode, with electrochemical current 
(faradaic current) flowing between the working and auxilliary electrodes. Thus, the working 
electrode potential typical ranges from -10.00 to +10.00 V, though more commonly from -6.00 
to +6.00 V, and even more commonly from -3.00 to +3.00 V. The working electrode potential 
may be static, may alternate, or may reflect a more complex function. Means for applying a 
particular electric potential (e.g., waveform) are well known in the electrochemical arts. See, 
for example, Kamin et ah, 1992. The potential which must be applied to the working 
electrode in order to produce ECL is a function of the exact chemical species which are 
involved in the ECL reaction sequence as well as other factors such as the pH of the sample 
composition and nature of the electrode. It is well known to those of skill in the art of ECL 
how to determine both the optimal potential to produce ECL as well as the optimum 
wavelength at which to detect the ECL. 

Again, in order to measure the ECL of a particular sample, the sample must be 
electrolyzed to produce electro-oxidized and/or electro-reduced species which, either directly 
or following further reaction, emit photons. To effect optimum electrolysis, ions should be 
present in the sample composition which may migrate between the working electrode and the 
counter electrode, thereby effecting the transfer of charge. Therefore, in order to facilitate the 
ECL measurement, the sample is typically mixed with an ECL assay media (e.g., ECL assay 
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buffer) which comprises ions which will effect the transfer of charge during the ECL 
measurement but will not interfere with the ECL reaction sequence. 

The term "ECL assay media " as used herein, pertains to a composition which is 
5 optionally (though usually) mixed with the sample prior to performing the ECL measurement. 
Generally, the ECL assay media is a fluid, though more typically is a liquid, and comprises 
one or more dissolved salts. Typically, the ECL assay is a liquid and comprises one or more 
solvents and one or more dissolved salts. Typically, the salts are present in millimolar 
concentrations. 

10 

In one embodiment, the ECL assay comprises water (i.e., H 2 0) and one or more 
dissolved salts. Examples of water soluble salts include chloride salts such as NaCl, KC1, 
N(C 4 H 9 ) 4 C1; bromide salts such as NaBr, KBr, N(C 4 H 9 ) 4 Br; nitrate salts such as KN0 3 , 
NaN0 3 , and N(C 4 H 9 ) 4 N0 3 ; phosphate salts such as Na 3 P0 4 , K 3 P0 4 , Na 2 HP0 4 , K 2 HP0 4 , 
1 5 NaH 2 P0 4 , and KH 2 P0 4 ; and sulfate salts such as Na 2 S0 4 , and K 2 S0 4 . 

In another embodiment, the ECL assay comprises one or more organic solvents and 
one or more dissolved salts. Examples of suitable organic solvents include acetonitrile 
(i.e., CH 3 CN, ACN), dimethylsulfoxide (i.e., (CH 3 ) 2 SO, DMSO), N,N-dimethylformamide 
20 (i.e., (CH 3 ) 2 NCHO, DMF), methanol (i.e., CH 3 OH), and ethanol (i.e., C 2 H 5 OH). Examples of 
salts which are soluble in typical organic solvents include tetrabutylammonium salts, such as 
tetrabutylammonium tetrafluoroborate (i.e., (C 4 H 9 ) 4 NBF 4 ). 

In some embodiments, and particularly in those wherein the ECL assay media 
25 comprises water, the ECL assay media is pH buffered. For example, an aqueous ECL assay 
media may conveniently be pH buffered by the addition of a phosphate (e.g., KH 2 P0 4 , 
typically at about 0.01 to 0.05 M) followed by adjusting the pH to a desired value 
(e.g., physiological pH 7.2) by the addition an appropriate amount of a suitable strong acid 
(e.g. , HC1) or strong base (e.g. , NaOH). Once buffered, the pH of the ECL assay media is 
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relatively insensitive to small changes in its chemical composition, such as those which may 
occur during the ECL measurement. 

The ECL assay media may also comprise one or more ECL coreactants, which take 
part in the chemical reactions involving the electro-oxidized and/or electro-reduced species, 
the final result being the emission of a photon (i.e., ECL). The term "ECL coreactant," or 
more simply "coreactant," as used herein, pertains to a chemical compound which, either itself 
or its electrochemical reduction/oxidation produces), plays a role in the ECL reaction 
sequence. 

Often coreactants permit the use of simpler means for generating ECL (e. g. , the use of 
only half of the double-step oxidation-reduction cycle) and/or improved ECL intensity. In one 
embodiment, coreactants are chemical compounds which, upon electrochemical 
oxidation/reduction, yield, either directly or upon further reaction, strong oxidizing or ^ 
reducing species in solution. An example of a coreactant is peroxodisulfate (i.e., S 2 0 8 2 ', 
persulfate) which is irreversibly electro-reduced to form oxidizing SCv ions. Another 
example of a coreactant is oxalate (i.e. , C 2 0 4 2 ") which is irreversibly electro-oxidized to form 
reducing C0 2 ." ions. An example of a class of coreactants which act as reducing agents are 
amines or compounds containing amine groups, including, for example, tri-H-propylamine 
(i. e .,N(CH 2 CH 2 CH 3 )3,TPAH). 

Examples of coreactants include, but are not limited to, lincomycin; clindamycin-2- 
phosphate; sparteine; erythromycin; l-methylpyrrolidone;N-ethylmorpholine; diphenidol; 
atropine; trazodone; 1-ethylpiperidine; hydroflumethiadize; hydrochlorothiazide; clindamycin; 
tetracaine; streptomycin; gentamycin; reserpine; trimethylamine; tri-H-butylamine; 
triethanolamine; piperidine; 1,4-piperazine bis(ethanesulfonic acid); tri-K-butylphosphine; 
N 5 N-dimethylaniline; pheniramine; bromopheniramine; chloropheniramine; 
diphenhydramine; di-n-propylamine; 2-dimethylaminopyridine; pyrilamine; 2- 
benzylaminopyridine; leucine; valine; glutamic acid; phenylalanine; alanine; arginine; 
histidine; cysteine; tryptophan; tyrosine; hydroxyzine; asparagine; methionine; theonine; 
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serine; cyclothiazine; trichloromethiazide; 1 ,3-diaminopropane; piperazine, chlorothiazide; 
hydrolinothalanzine; barbituric acid; persulfate; nicotinimide adenine dinucleotide; penicillin; 
1-piperidinylethanol; 1,4^^10(2.2.2^6; 1,4-diaminobutane; 1,5-diaminopentane; 
1,6-diaminohexane; ethylenediamine; ethylenediamine tetraacetic acid; benzenesulfonamide; 
tetramethylsulfone; ethylamine; ^-propylamine; «-butylamine; s-butylamine; Nbutylamine; 
„.pentylamine; «-hexylamine; oxalic acid; hydrazine sulfate; glucose; methylacetamide; and 
phosphoroacetic acid. 

The concentration of coreactant in the sample composition varies according to the 
specific coreactant chosen, and one of ordinary skill in the art is readily able to determine a 
suitable concentration. Typically, the coreactant concentration is chosen to be approximately 
1000 times greater than the concentration of ECL label. 

The ECL assay media may also comprise one or more ECL enhancers, which may 
increase ECL emission and may also serve as surfactants or wetting agents to prevent or 
reduce adsorption on the electrode and/or interior walls of the ECL apparatus. A number of 
ECL enhancers are well known in the art. See, for example, Shah et al, 1990. One group of 
ECL enhancers may be described as ^-substituted benzenes wherein one substituent (R L ) 
is hydrogen or a C u20 alkyl group and the other (para) substituent (R 2 ) is a poly(alkoxy) 
alcohol of the formula -[0-(CH 2 ) n ] m OH where n is an integer from 1 to 20 and m is an integer 
from 0 to 70. One ECL enhancer, which is commercially available under the name 
Triton X-100®, has R, as -C(CH 3 ) 2 CH 2 C(CH 3 ) 3 and R 2 as -(O-CH 2 CH 2 ) 9 . 10 OH. Another 
ECL enhancer, which is commercially available under the name Triton X-401®, has R, as 
-C 9 H 19 and R 2 as -(O-CH 2 CH 2 ) 40 OH. When utilized, the ECL enhancer is generally present in 
an amount which increases the ECL emission. Typically, the amount is from about 0.01 to 
about 5% (v/v), and often from about 0.1 to about 1% (v/v). 
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E. Examples 

Several embodiments of the present invention are described in the following examples, 
which are offered by way of illustration and not by way of limitation. 

Example 1 

Ru(bpy) 3 +2 /TPAH ECL Quenching by Phenol. 

An appropriate amount of tris(2,2'-bipyridyl)ruthenium(II) chloride hexahydrate 
(i.e., Ru(bpy) 3 Cl 2 .6H 2 0, Aldricn® Chemical Co.) was dissolved in Elecsys® buffer solution 
(flash-ECL assay buffer number 1518-001; a phosphate based buffer with 0.1 8 M tri-n- 
propylamine (TP AH) and Thesit® as a wetting agent and ECL enhancer) and the solution 
diluted to yield a stock solution of 0.4 U M Ru(bpy) 3 2+ (as luminophore) and 0.18 M TP AH (as 
coreactant) at pH = 6.8. Microliter amounts of 1 M phenol (i.e., C 6 H 5 OH, ultrapure, 
Clontech®) (as ECL quencher) dissolved in ethanol were added to 1 mL aliquots of stock 
solution to yield samples with phenol concentrations ranging from 2 to 15 mM. 

ECL intensity was measured and recorded (in arbitrary units, e.g., counts) for each of 
the samples using a commercially available electrochemiluminescence analyzer, the Origen I 
Analyzer®, which integrates a photometer, a potentiostat, an electrochemical cell, and means 
for fluid and sample handling. The analyzer employs a flow injection system that permits 
rapid and reproducible determinations of sequential samples. The photometer is a red- 
sensitive photomultiplier tube positioned directly above the working electrode so that the light 
generated at or near the electrode is recorded and integrated during each measurement. 
Typically, an oxidative electrochemical sequence/potential was applied to the working 
electrode, and light intensity measured with a photomultiplier tube using standard Origen® 
parameters. Typically, the potential was ramped from 0 to 2800 mV at a sweep rate of 4800 
mV/s (frequency = 0.58 sec 1 ). The electrode was cleaned prior to and after each run using a 
0.176 M KOH buffered cleaning solution (Flash-ECL CS, from Boehringer Mannheim®, 
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identification number 1518470). An EG&G PAR Model 263 A® Potentiostat/Galvanostat was 
used for all electrochemical measurements. 

The data are illustrated in Figure 1 . Note that the ECL signal for the sample having no 
phenol was greater than the detection capacity of the instrument, 10 million arbitrary units. 
Only 2 mM phenol resulted in the ECL being reduced to less than 7% of the ECL of the 
control sample. Only 5 mM phenol resulted in the ECL being reduced to less than about 
0.01% of the ECL of the control sample. 

This example demonstrates that micromolar concentrations of phenol effectively 
quench solution ECL of micromolar concentrations Ru(bpy) 3 2+ in the Ru(bpy) 3 2+ /TPAH ECL 
reaction sequence. That is, upon electrochemical oxidation, the resulting excited state species, 
Ru(bpy) 3 2+ *, is effectively quenched such that substantially less ECL intensity is observed as 
compared to the case where the quencher species is absent. 

Example 2 

Ru(bpy) 3 +2 /C 2 0 8 - 2 ECL Quenching by Phenol. 

Appropriate amounts of Ru(bpy) 3 Cl 2 .6H 2 0 and Na 2 C 2 0 8 (Aldrich Chemical Company) 
were dissolved in phosphate buffered saline (i.e., "PBS"; 50 mM Na 3 P0 4 , 100 mM NaCl, pH 
7.0, 0.2 uin filtered) and diluted to yield a stock solution of 0.4 U M Ru(bpy) 3 2+ (as 
luminophore) and 200 mM C 2 O g - 2 (as coreactant) at pH = 7.0. Microliter amounts of 1 M 
phenol (as ECL quencher) dissolved in ethanol were added to 1 mL aliquots of stock solution 
to yield samples with phenol concentrations ranging from 2 to 20 mM. ECL intensity was 
measured and recorded (in arbitrary units) for each of the samples. The data are illustrated in 
Figure 2. 2 mM phenol resulted in the ECL being reduced to less than 6% of the ECL of the 
control sample. 8 mM phenol resulted in the ECL being reduced to less than about 0. 1% of 
the ECL of the control sample. 
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This example demonstrates that micromolar concentrations of phenol effectively ^ 
quench solution ECL of sub-micromolar concentrations Ru(bpy)^ in .he Rn(bpy^/C 2 0 8 
ECL reaction sequence. Although the ECL intensity of the Rufbpy), W system is 
Musically lower than that of the Ru(bpy) 3 -/TPAH system (by a factor of about 10-50), the 
of phenol in the CA' 2 system did yield approximately 5% higher quenching effictency. 



use 



Example 3 

ECL Quenching by^Hydroxybenzoic Acid and p- Aminobenzoic Acid. 

D An appropriate amount of Ru(bpy),Cl 2 .6H 2 0 was dissolved in Elecsys® buffer 

solution and diluted to yield a stock solution of 0.3 U M Rnfbpv)," (as lurninophore) and 0.18 
M TP AH (as coreactant) a. pH = 6.8. Microliter amounts of 1 M^hydroxybenzoic actd 
(i e HOC^COOH, PHBA, 99+% purity, Aldrich Chemical Company) or 1 M 
p-aminobenzoic acid (i.e., H 2 NC 6 H,COOH, PABA, 99 + % purity, Aldrich Chemical 

,5 Company)(asECL,uencher)diss„lvedinetonolwereadded.olmLa.i q uo B ofs,ock 

solution to yield samples with quenching agent concentrations ranging from 2 to 10 mM. For 
comparison, microliter amounts of 1 M phenol (as ECL quencher) dissolved in ethano, were 
added to 1 rnLaliquoUofs^ksolution^yieldsamples^mphenolconcen^tionsra.g.ng 
from 2 to 10 mM. ECL intensity was measured and recorded (in arbitrary units) for each of 
20 the samples. The data are illustrated in Figure 3. 

This example demonstrates that, at comparable concentrations, phenol quenches the 
ECL of micromolar concentrations Rufbpy),* in the Ru(bpy) 3 2 ™>AH ECL reaction 
sequence much more efficient), man either PHBA (by a factor of at least about 8) o, PABA 
25 (byafacorofatleas.abou.2). This examplea.se demonstrates, viathe known fee radical 
scavengers PHBA and PABA, that interception of the TP A" intermediate prior to formation of 
the Ru(bpy),"' excited state is less Ukely than direct quenching of the excited state. 
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Example 4 

Ru (bpy) « ECL Quenching by Phenol Derivatives. 

A number pheno! derivatives, possessing one or more electron withdrawing and/or 
eiectron donating groups, were tested for their quenching efficiency in a manner analogous to 
t ha.usedinExample3.Quenchinga g en B (al.>98%puriry,fromA.drichChem,cal 

Company) were dissolved to the appropriate concentration in ethano., and appropriate ahquots 
weretransferred^irnLaiiquo^ofaRu^OTAHstocksolution. Thosepheno. 
derivatives which were tested as quenching agents included: «reso> 0-., 2-methyl-pheno.), 
m -cresol (.i.e., 3 -memyl-phenol),p.reso. 4-meAyl- P henol),p-fluorophenol, 
m -fluorophenol, „-fluor„phenol, o-propylphenoLp-propylphenoLp-phenylphenoi, 

o-trifluoromemylpheno.,™-^^ 

p-nitrobenzoic acid, p-hydroxybenzoic acid, and 4,4'-biphenol. 

, 5 Trends were observed in ECL quenching efficiency of the different phenol derivatives. 

Most notabiy, more efficient ECL quenching was observed when substituents were m e,a to the 
phenol hydroxy, group. For example, m-fluorophenol exhibited more efficient ECL 
quenching as compared to either o-fluorophenol or p-fluorophenol. Surprisingly, phenol was 
approximately a factor of 3 more efficient at ECL quenching than any of the phenol 

20 derivatives tested. 



25 



30 



Example 5 

The Effect of Phenol on Ru(bpy) 3 2+ Photoluminescence. 

An appropriate amount of Ru(bpy) 3 Cl 2 .6H 2 0 was dissolved in Elecsys® buffer 
solution and diluted to yieldastock solution of30 ,MRu(bpy) 3 -(asluminophore)and 
0 18 M TPAH (as coreactant) at P H = 6.8. Quantities of 0.2-0.3 M phenol dissolved m 

concentrations ranging from 0 to 0.3 M. The photoluminescence was measured for each of the 
sam ples (with no electrolysis) using a Perkin Elmer LS-50B fluorimeter with the voltage of 
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the PMT biased at 850 V. Excitation was at 452 nm, the peak maximum of the lowest energy 
metal-to-ligand charge transfer (MLCT) absorption for the Ru(bpy) 3 2+ luminophore, with 
detection between 550 and 650 nm (\. m = 620 nm). The data showed that the 
photoluminescence increased steadily as the concentration of phenol increased. Note that this 
5 trend is opposite to the effect observed for increasing phenol concentration with ECL. Also, 
the data showed that the effect of phenol on fluorescence was much less dramatic than the 
effect on ECL. 

Example 6 

1 0 The Effect of Phenol on Ru(bpy) 3 2+ Photoluminescence: Bulk Electrolysis. 

An appropriate amount of Ru(bpy) 3 Cl 2 .6H 2 0 and TP AH was dissolved in Elecsys® 
buffer solution and the solution diluted to yield a stock solution of 30 jjM Ru(bpy) 3 2+ and 
0.18 M TP AH at pH = 6.8. To a 100 mL aliquot of stock solution was added 6 mL of 1 M 

1 5 phenol, yielding a phenol concentration of 60 mM. A baseline photoluminescence 

measurement was taken for this initial solution. Controlled potential coulometry (bulk 
electrolysis) was then performed for 3 hours with continuous stirring using a standard 
3-electrode system available from BioAnalytical Systems® Inc. A reticulated vitreous carbon 
working electrode was biased to an oxidative potential of +1 .3 V (versus a Ag/AgCl gel 

20 electrode used as reference) to effect electrolysis. A platinum wire counter electrode was 

separated from the working solution via a porous Vycor® frit, and immersed in an appropriate 
electrolyte solution. During the 3 hour bulk electrolysis, 1 mL samples were taken at 
-30 minute intervals for photoluminescence testing (\ xc = 452 nm; \ m = 610 nm), as in 
Example 5. Approximately 50% of the photoluminescence signal was lost after 2 hr 45 min, 

25 indicating that a product of oxidation is directly responsible for photoluminescence quenching. 
Presumably this product of oxidation is also responsible for the observed ECL quenching. 
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Example 7 



Example 7 N+2r?rT 
C^Hydrc^uinone, ami l,4-BenH,quinone Quenching of Rufbpy), ECL. 

An appropriate amount of Ru(bpy) 3 C.,6H 2 0 and TPAH was dissoived in Elecsys® 
catechol ft *. 1,2-dihydroxybenzene), hydroquinone ft*, i^hydroxybensene), 

(as ECL quencher) disced ta ethanol were added to i mL aliquots of stock sohmon to yeid 
(as b<-l. q intensity was measured 

samples with phenol concentrates ranging from 2 to mM. 

and lorded (in arbitrary units) for each of the samples. The data are .Uustrated tn F.gure 4. 

This example demonstrates mat, a, comparable concentrations, catechol, 
hydroquinone, and 1,4-bena.quinone (the presumed 

quench the ECL of micromolar concentrations RuOrf ta the Ru(bpy), m»AH ECL 
three derivatives, being approximately 6 times more efficient than phenol. 



Example 8 

RuCpyV 2 ECL Quenching by 1,4-Benzoqumone Derivatives. 

A number benzoquinone derivatives were tested for their quenching efficiency in a 
^er analogous. 

appropriate concentration in ethanol, and appropriate aliquots were transferred to 1 mL 

• \ a a- o ^ /lichloro-5 6-dicyano-l,4-benzoquinone (DDQ), 
tested as quenching agents included: 2,3-dichloroD,oai^ 

tested as q » 4. tetra fl U oro-5,8-dihydroxy-anthraquinone 
2 5-dibromo-l,4-benzoquinone (BRBQ), M,^ «inu 
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(XFD AQ); (MMNQ); and anthraquinone-U- 

disulfonic add (all >98% purity, from Aldrich Chemical Company). 

j , k.„„i no and DDO ate shown in Figure 5. DDQ, like 
ECL quenching data for phenol, BQ, ana uuy *r 

quenching than any of the benzoquinone derivatives tested. 

An appropriate amount of MWtfW - dissolved in Elecsys® buffer 

, w „fm M Rufbovh ( as luminophore) and 
coiutinn and diluted to yield a stock solution of 30 pM Kuyjpyfc ^ * 

0.15mLal.quots asured ^ each aliquot was added (with no electrolysts and 

The photoluminescence was measured after eacnauq 

Lwedanapp— ^^^1 
> M hydroquinone solution. Note to. mis trend is oppostte to the effect ohserved 

increasing hydroquinone concentration with ECL. 

. ■ „ , M „ tec hol (Aldrich Chemical Company) 
A similar experiment was performed usmg 1 M catechol (A 

instead of hydr^uinone. Surprisingly, me increment, increase of catechol result ma 

I^mphoto,uminescence,andapp— 

lost upon addition of 1 .2 mL of 1 M catechol. 

Another similar experiment was performed using 0.333 M benzene (Aidrich 
Chemical Company) instead of hydroquinone. Again, the incremental increase of 
^qumoneresultedinadecreaseinpho— ^ 
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photoluminescence signal was lost upon addition of 0.3 mL of 0.333 M benzoquinone. These 
results clearly demonstrate the efficiency of benzoquinone as a photoluminescence quencher. 

Example 10 

The Effect of Hydroquinone, Catechol, and Benzoquinone on Ru(bpy) 3 2+ Photoluminescence: 
Bulk Electrolysis. 

An appropriate amount of Ru(bpy) 3 Cl 2 .6H 2 0 and TP AH was dissolved in Elecsys® 
buffer solution and the solution diluted to yield a stock solution of 30 U M Ru(bpy) 3 2+ (as 
luminophore) and 0.05 M TP AH (as coreactant) at pH = 6.8. To a 100 mL aliquot of stock 
solution was added 6 mL of 1 M hydroquinone (Aldrich Chemical Company), yielding a 
phenol concentration of 60 mM. Controlled potential coulometry (bulk electrolysis) was 
performed as described above in Example 6. After 45 minutes, the solution turned a reddish- 
brown color, indicative of the formation of benzoquinone or some derivative. Also, complete 
quenching of the photoluminescence was observed within 45 minutes. These data are similar 
to those observed for phenol, where a substance that enhances Ru(bpy) 3 2+ luminescence is 
electrochemically oxidized to form a product that efficiently quenches luminescence. 

A similar experiment was performed using 6 mL of 1 M catechol instead of 
hydroquinone. A complete loss of luminescence was observed within 30 minutes with the 
concomitant formation of a reddish-brown solution. Although catechol does itself quench 
photoluminescence at these concentrations (see Example X), the electro-oxidation product of 
catechol is much more efficient at photoluminescence quenching. 

Another similar experiment was performed using 1 mL of 0.333 M benzoquinone 
instead of hydroquinone. Little or no enhanced photoluminescence quenching was observed 
upon bulk electro-oxidation. This result is consistent with the conclusion that benzoquinone 
responsible for the observed quenching. In fact, a slight increase in photoluminescence 
intensity was observed, indicating that upon prolonged oxidation, benzoquinone begins to 
decompose to form non-quenching products. 
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S^AHECLQuenchingbyPhenohE^icPotenMStudie,. 

• u ^„,*nnSMTPAH(ascoreactant)atpH-6.8. Microliter <u 
phenol (as ECL quencner, •«««,? to 6 mM ECL intensity was 

inching andthepotentiais at wMch Ml ECL quenching occurred. 

The oxidation of Ru(bpy)j tDKwopj» .„ ;i „ri as 

15 Ag , AgC ,. -^^^iTnv^SS-- 

,„„e, potentials the Ru(bpy) 3 * » not bemg oxidized. As expected, a gn p 
lower poic ^,„„,,enchine was observed, supporting the 

concentrations and at higher potentials, greater quenching 
oonclusionthatoxidaUonofbodiphenolandRu^areneededforefiicientECL 

3 20 quenching. 

Comparative Example 1 

Ru(bpy) 3 +2 ECL Quenching by Methylviologen Carboxylate. 

p-Q , rWl cl 6H ,0 was dissolved in Elecsys® buffer 
An appropriate amount of Ru(bpy) 3 U 2 .Ott 2 u w<* 
25 Anappwp mt^,<W|* 2+ (as luminophore) at 

solutionanddilutedtoyieldastocksolutonofO^MRu^ ( 

H 68 MicroliteramountsofaqueouslOm^ 

pH - 6.8. Microliter , ; „u We ^ fas ECL quencher) were added to 

1 1 'dimethyl-4,4'-bipyridinium carboxylate dichlonde) (as b^L q ; 

1,1-dimetnyi , concentrations ranging from 2 to 
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ethanol were added to 1 mL aliquots of stock solution to yield samples with phenol 
concentrations ranging from 2 to 6 mM. ECL was measured for each of the samples, and the 
ECL intensity (in arbitrary units) recorded. The data are illustrated in Figure 6. 

This example demonstrates that, at comparable concentrations, phenol quenches the 
ECL of micromolar concentrations Ru(bpy) 3 2+ in the Ru(bpy) 3 2+ /TPAH ECL reaction 
sequence approximately 10 times more efficiently than methylviologen carboxylate, the "gold 
standard" of Ru(bpy) 3 2+ ECL quenching. 



10 Example 12 

Ru(bpy) 3 +2 /TPAH ECL Quenching by Phenol: Luminophore Immobilized (via Magnetic 
Particles) and Quenching Agent In Solution. 

This example illustrates the quenching of an immobilized labeled complex, in this 
1 5 case, an oligonucleotide which was been labeled with the luminophore Ru(bpy) 3 +2 and 

subsequently attached to paramagnetic particles, by a quenching agent, in this case phenol, 
which is present in solution. 

A test oligonucleotide consisting of 20 nucleotide residues was prepared using 
20 standard solid phase methods with a Perkin Elmer ABI 394 Synthesizer® using 

beta-cyanoethyl phosphoramidite chemistry. By using a commercially available (from Gle 
Research) derivatized controlled pore glass support, illustrated below, which has both a 
biotin-TEG group and a DMT protected hydroxyl group (i.e., -ODMT), the resulting 
oligonucleotide possesses, at the 3'-terminus, a tethered biotin group. 



25 
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O 
11 

HN NH 



^Succinyl— Icaa— CPG 

The oligonucleotide was synthesized using standard methods. Once the 20-mer 
oligonucleotide had been synthesized (having a DMT protected 5'-hydroxyl group), a final 
reaction sequence was performed using the Synthesizer but employing, instead of a nucleotide 
monomer reagent, a phosphoramidite derivative of a Ru(bpy) 3 +2 , shown below. 

— I 2+ 






In this way, the 20-mer oligonucleotide (shown below) was obtained which possessed, 
at the 3'-end, a tethered biotin group and, at the 5'-end, a tethered Ru(bpy) 3 +2 moiety. 






o 

II 

HN NH 



O- ATCGTGCGGTGGTTGAACTG — < 

(SEQ 3I> NO-l) OH q£ q m ^ 

This derivatized oligonucleotide^may be denoted as shown belo^ wherein R denotes 

the Ru(bpy) 3 +2 -containing group and B denotes the biotin-containing group. 
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5' - R - AT CGT GCG GTG GTT GAA CTG - B - 3' 

Superparamagnetic particles (from Dynal Corp., Lake Success, NY) comprising a 
magnetite (Fe 3 0 4 ) core and a polystyrene outer coating, and having a size of about 2.8 u m, 
were coated with poly-streptavidin (a protein prepared from the culture supernatant of 
Streptomyces avidinii which has four high affinity binding sites for biotin). A solution of the 
labeled oligonucleotide was added to a suspension of the streptavidin-coated magnetic beads 
to yield labeled magnetic beads having bound labeled oligonucleotide. 

Since phenol was to be added to some samples, a buffer solution was prepared based 
on Elecsys® buffer solution and formulated to have 27.19 g/L potassium phosphate 
monobasic (KH 2 P0 4 ); 0.2 g/L Triton X-100 (/-octylphenoxy-polyethoxyethanol); and 
0.05 M TP AH. The pH of the buffer solution was adjusted to 7.0 with 4M aqueous NaOH. 
For those cases where phenol was to be added to the buffer solution, 1.2 ^Lof 1 M phenol 
dissolved in ethanol was added to give 1 mM phenol and the pH again adjusted to 7.0 with 4 
M aqueous NaOH. 

A 3 uL aliquot of a suspension of labeled magnetic beads (546 pmol Ru(bpy) 3 +2 label) 
was added to 1 mL of buffer solution to yield a working bead solution. This working bead 
solution was placed in the ECL cell and the labeled magnetic particles immobilized onto the 
surface of the working electrode. Buffer solution containing coreactant (and, in some cases, 
phenol) was swept into the cell, and an appropriate potential is applied to generate signal. 
ECL was measured and recorded (in arbitrary units) for five control cases (using buffer 
without phenol) and ten quenching cases (using buffer with added phenol). In the control 
cases, ECL signals of about 75,000 arbitrary units were observed from the labeled beads in the 
absence of phenol. Virtually no ECL signal was observed for the labeled beads in the 
presence of phenol. 
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This example clearly demonstrates that in a magnetic bead format where the ECL 
luminophore is immobilized (in this case, attached to an oligonucleotide, and the 
oligonucleotide attached to a magnetic bead), quenching of the ECL luminophore still occurs. 

Example 13 

Ru(bpy) 3 +2 /TPAH ECL Quenching by a Benzoquinone: Both Luminophore and Quenching 
Agent Immobilized (via Magnetic Particles). 

This example illustrates the quenching of an immobilized labeled complex, in this 
case, an oligonucleotide which was been labeled with the luminophore Ru(bpy) 3 +2 and 
attached to paramagnetic particles, by a quenching agent, in this case a benzoquinone, which 
has also been attached to the oligonucleotide. 

Three oligonucleotides consisting of 21 nucleotide residues were prepared using 
standard solid phase methods with a Perkin Elmer ABI 394 Synthesizer® using 
beta-cyanoethylphosphoramidite chemistry, in a manner analogous to that described^ ^ ^ 
Example 12. The three resulting derivatized oligonucleotides are illustrated belo^wKre R 
denotes the Ru(bpy) 3 +2 -containing group and B denotes the biotin-containing group. 

5' - R - CAG TTC CAA CCA ACC GCA CGT - B - 3' (13-1-R) 
5' - R - CAG TTC CAA CCA ACC GCA CGT- B - 3' (13-2-R) 
5' - R - CAG TTC CAA CCA ACC GCA CGT LLLLL - B - 3' (13-3-R) 

In the above formulae, T denotes "amine modified C 6 -dT," a commercially available 
(from Glen Research) modified thymine nucleotide residue, illustrated below, which was 
introduced during oligonucleotide synthesis. 
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NHC(0)CF 3 



"OCH2CH2CN 

Also in the above formulae, L denotes "Label On," a commercially available (from 
Glen Research) reagent, illustrated below, which permits that attachment of common labels 
and which was introduced during oligonucleotide synthesis. 

9 DMTO 





o-pC 



N(iPr) 2 
OCH 2 CH 2 CN 




employed as conxrois. imw icai uii 6 v..mv.w U ».., ^ 

benzoquinone moiety was at the position marked T and at each position marked L. 



(13-1-RQ) 

5' - R - CAG T(Q)TC CAA CCA ACC GCA CGT - B - 3' 
(13-2-RQ) 

5' - R - CAG TTC CAA CCA ACC GCA CGT(Q) -B-3' 
(13-3-RQs) 

5' - R - CAG TTC CAA CCA ACC GCA CGT L(Q)L(Q)L(Q)L(Q)L(Q) -B-3' 
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For T, the protected amine group (i.e., -NHC(=0)CF 3 ) was first deprotected, and the 
free amine group subsequently reacted with the N-succinimidyl ester of a benzoquinone 
derivative, shown below. For L, the protected amine group (i.e., -NHFMOC) was first 
deprotected, and the free amine was subsequently reacted with the same N-succinimidyl ester 
of the benzoquinone derivative. 




O 

The three test oligonucleotides (and their standards) were quantified by UV-VIS 
absorption spectroscopy, using the absorbance of the Ru(bpy) 3 2+ moiety at 456 nm 
(e = 13000 M" 1 cm" 1 ) so that equivalent amounts of each test oligonucleotide could be used for 
10 ECL analysis. In a manner analogous to that in Example 12, suitable amounts of each test 

oligonucleotide were added to suspensions of the streptavidin-coated magnetic beads to yield 
labeled magnetic beads having bound labeled oligonucleotide such that 1/3 saturation of 
streptavidin sites was achieved (576 pmol Biotin/DNA labeled probes). 

1 5 Each labeled magnetic bead suspension was examined. A 3 ML aliquot of the labeled 

magnetic bead suspension was placed in 1 mL of Elecsys® buffer solution to yield a working 
bead solution. This working bead solution was placed in the ECL cell of the Origen analyzer 
and the labeled magnetic particles immobilized onto the surface of the working electrode. 
Elecsys® buffer solution containing coreactant was swept into the cell, and an appropriate 

20 potential was applied to generate signal. ECL was measured and recorded (in arbitrary units) 
for five replicates for each of the four test oligonucleotides. 

For test oligonucleotide 13-1-RQ, in which the Ru(bpy) 3 2+ luminophore is separated 
from the quenching benzoquinone group by 4 nucleotide residues, the observed ECL intensity 
25 was approximately 53% less than that observed for the control oligonucleotide 1 3-1 -R which 
has no quenching moiety. 
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For test oligonucleotide 13-2-RQ, in which the Ru(bpy) 3 2+ luminophore is separated 
from the quenching benzoquinone group by 21 nucleotide residues, the observed ECL 
intensity was approximately 49% less than that observed for the control oligonucleotide 
13-2-R which has no quenching moiety. 

For test oligonucleotide 13-3-RQ 5 , in which the Ru(bpy) 3 2+ luminophore is separated 
from the (five) quenching benzoquinone groups by 21 nucleotide residues, the observed ECL 
intensity was approximately 20% less than that observed for the control oligonucleotide 
13-3-R which has no quenching moiety. 

This example clearly demonstrates that in a magnetic bead format where both the ECL 
luminophore and the quenching moiety are immobilized (in this case, both are attached to an 
oligonucleotide, and the oligonucleotide attached to a magnetic bead), quenching of the ECL 
luminophore still occurs. 



Example 14 

R u (b p y) 3 +2 /TPAH ECL Quenching by a Benzoquinone: Restriction Enzyme Methods 

This example illustrates the use of restriction enzymes coupled with bead capture and 
subsequent ECL detection. In this case, oligonucleotide hybridization probes are labeled with 
Rufbnv^ 2+ and biotin at the 3'-terminus and a quenching moiety at the 5'-terminus. Two pairs 
of oligonucleotide!, having tethered biotin groups at the 3 '-terminus are synthesized using 
standard solid phase methods as described in Example 12. 

5' - JVAC GCC ACT GGATCC ACA GTT AGTc - B - 3' (14-A-l) 
5' - AAC GCC ACT GGATCC ACA FTT AGTc - B - 3' (14-A-2) 

5' - TTTG CGG TGA CCTAGG TGT CAA TCA Tc-B-3' (14-B-l) 
5' - TTG CGG TGA CCT AGG TGT CCA TCA Tc - B -3' (14-B-2) 
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Each pair pertains to a separate example and each member of a given pair comprises 
the same specific probe sequence which is complementary to a sequence in a DNA target to be 
detected. The second member of each pair, which will not be derivatized to have a quenching 
moiety, is used for comparison purposes to verify quenching; the second member provides an 
indication of the ECL emission in the absence of a quenching moiety. The underlined 
residues, CCT AGG, identify part of the BamHI enzyme restriction site, as discussed below. 



In the above formulae, J is as defined above in Example 13 and N denotes "5'-amino 
modifier," a commercially available (from Glen Research) reagent, illustrated below (where 
MMT is 4-monomethoxytrityl) which was introduced during oligonucleotide synthesis. 



MMT-NH 




O-P 



N(iPr) 2 



X OCH 2 CH 2 CN 

Also in the above formulae, Tc denotes "carboxy modified dT," a commercially 
available (from Glen Research) modified thymine nucleotide residue, illustrated below, which 
was introduced during oligonucleotide synthesis. 




OCH< 



DMTO 



N(iPr) 2 

X)CH 2 CH 2 CN 

Following cleavage of 'he oligonucleotides from the solid phase support, a Ru(bpy) 3 2+ 
group is covalently attached at the 3 '-terminus by reacting the following 
N-hydroxysuccinimidyl ester derivative with the carboxy group of Tc. 
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|T I '/n 





2+ 



A quenching moiety is then covalently attached at the 5'-terminus of first member of 
each pair via the amino groups of N and T, using the activated benzoquinone derivative 
illustrated in Example 13. In this way, the following two pairs of derivatized oligonucleotide 
hybridization probe^re^b^ned^¥ne%C^mission of the first member of each pair is 
quenched by the presence of the quenching moiety, as illustrated by comparison with the ECL 
emission of the corresponding second member, which has no quenching moiety. 



5' - (Q)K AC GCC ACT GGATCC AC A GTT AG7t(R) - B - 3' 
5' - AAC GCC ACT GGA TCC ACA FTT AG7c(R) - B - 3' 



(14-A-l-BRQ) 
(14-A-2-BR) 



5' - (Q)JTTG CGG TGA CCTAGG TGT CAA TCA Tc(R) - B - 3' 
5' - TTG CGG TGA CCT AGG TGT CCA TCA Jc(R) - B -3' 



(14-B-l-BRQ) 
(14-B-2-BR) 



The first member of a pair of derivatized oligonucleotide hybridization probes 
(e.g., 14-A-l-BRQ or 14-B-l-BRQ) is then added to a sample containing single stranded 
DNA. The derivatized oligonucleotide probe will hybridize only with the complementary 
target sequence. The restriction enzyme BamHl is added. This enzyme recognizes only a 
specific double stranded DNA sequence, as shown below. 



<-5'-GGATCC-3'-> 
<-3'-CCTAGG-5' -* 



The restriction enzyme cleaves this sequence between the GG residues to yield two 
fragments, each with a 5'-overhang, as shown below. 
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<- 5 '-G 5'-GATCC-3' -»> 

<-3' - CCT AG - 5' G - 5' 

In this way, each target DNA sequence leads to a cleavage event, and the formation of 
a cleavage fragment which possesses an ECL label no longer in quenching contact with an 
ECL quenching moiety. These cleavage fragments also possess a biotin group (as well as an 
unquenched ECL label), which permit their capture (and optional separation) with the aid of 
streptavidin coated magnetic beads, as in Example 12. The ECL emission is then measured 
and correlated with the amount of target DNA in the original sample. Of course, bead capture 
may be performed prior to or after enzymatic cleavage. 

Again, for comparison purposes, ECL emission is measured following hybridization 
and prior to enzymatic cleavage for the first and second members of a given pair. When the 
probe has hybridized with the target DNA, the ECL emission of the first member of each pair 
remains quenched by the presence of the quenching moiety, as illustrated by comparison with 
the ECL emission of the corresponding second member, which has no quenching moiety. 
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